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(57) Variations occur in the characteristics of tran- 
sistors. The present invention is a signal-line drive cir- 
cuit comprising first and second current source circuits 
corresponding to respective plurality of signal lines, a 
shift register, and n (n is a natural number of one or 
more) video-signal constant current source s, wherein 
each of the first and second current source circuits has 
a capacitance means and a supply means. The capac- 
itance means held in one of the first and second source 
circuits converts a current including a current supplied 
from each of the n video-signal constant current source 
s to voltage in response to a sampling pulse supplied 
from the shift register and a latch pulse supplied from 
the exterior; and the supply means held in the other sup- 
plies a current responsive to the converted voltage. The 
values of the currents supplied from the n video-signal 
constant current source s are set to a proportion of 2°: 
2 1 :- :2 n . 
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Description 

Technical Field 

[0001] The present invention relates to a technique of 
a signal line drive circuit. Further, the present invention 
relates to a light emitting device including the signal line 
drive circuit. 

Background Art 

[0002] Recently, display devices for performing image 
display are being developed. Liquid crystal display de- 
vices that perform image display by using a liquid crystal 
element are widely used as display devices because of 
advantages of high image quality, thinness, lightweight, 
and the like. 

[0003] In addition, light emitting devices using self- 
light emitting elements as light emitting elements are re- 
cently being developed. The light emitting device has 
characteristics of, for example, a high response speed 
suitable for motion image display, low voltage, and low 
power consumption, in addition to advantages of exist- 
ing liquid crystal display devices, and thus, attracts a 
great deal of attention as the next generation display 
device. 

[0004] As gradation representation methods used in 
displaying a multi-gradation image on a light emitting de- 
vice, an analog gradation method and a digital gradation 
method are given. The former analog gradation method 
is a method in which the gradation is obtained by anal- 
ogously controlling the magnitude of a current that flows 
in a light emitting element. The latter digital gradation 
method is a method in which the light emitting element 
is driven only in two states thereof: an ON state (state 
where the luminance is substantially 1 00%) and an OFF 
state (state where the luminance is substantially 0%). In 
the digital gradation method, since only two gradations 
can be displayed, a method configured by combining the 
digital gradation method and a different method to dis- 
play multi-gradation images has been proposed. 
[0005] When classification is made based on the type 
of a signal that is input to pixels, a voltage input method 
and a current input method are given as pixel-driving 
methods. The former voltage input method is a method 
in which: a video signal (voltage) that is input to a pixel 
is input to a gate electrode of a driving element; and the 
driving element is used to control the luminance of a light 
emitting element. The latter current input method is a 
method in which the set signal current is flown in a light 
emitting element to control the luminance of the light 
emitting element. 

[0006] Hereinafter, referring to Fig. 16A, a brief de- 
scription will be made on an example of a circuit of a 
pixel in a light emitting device employing the voltage in- 
put method and a driving method thereof. The pixel 
shown in Fig. 1 6A includes a signal line 501 , a scanning 
line 502, a switching TFT 503, a driving TFT 504, a ca- 



pacitor device 505, a light emitting element 506, and 
power sources 507 and 508. 

[0007] When the potential of the scanning line 502 
varies, and the switching TFT 503 is turned ON, a video 

5 signal that has been input to the signal line 501 is input 
to a gate electrode of the driving TFT 504. According to 
the potential of the input video signal, agate-source volt- 
age of the driving TFT 504 is determined, and a current 
flowing between the source and the drain of the driving 

10 TFT 504 is determined. This current is supplied to the 
lightemitting element 506, and the lightemitting element 
506 emits light. As a semiconductor device for driving 
the light emitting element, a polysilicon transistor is 
used. However, the polysilicon transistor is prone to var- 

15 iation in electrical characteristics, such as a threshold 
value and an ON current, due to defects in a grain 
boundary. In the pixel shown in Fig. 16A, if characteris- 
tics of the driving TFT 504 vary in units of the pixel, even 
when identical video signals have been input, the mag- 

20 nitudes of the corresponding drain currents of the driving 
TFTs 504 are different. Thus, the luminance of the light 
emitting element 506 varies. 

[0008] To solve the problems described above, a de- 
sired current may be input to the light emitting element, 

25 regardless of the characteristics of the TFTs for driving 
the light emitting element. From this viewpoint, the cur- 
rent input method has been proposed which can control 
the magnitude of a current that is supplied to a light emit- 
ting element regardless of the TFT characteristics. 

30 [0009] Next, referring to Figs. 1 6B and 1 7, a brief de- 
scription will be made with respect to a circuit of a pixel 
in a light emitting device employing the current input 
method and a driving method thereof. The pixel shown 
in Fig. 1 6B includes a signal line 601 , first to third scan- 

35 ning lines 602 to 604, a current line 605, TFTs 606 to 
609, a capacitor element 610, and a light emitting ele- 
ment 611. A current source circuit 612 is disposed to 
each signal line (each column). 

[0010] Operations of from video signal-writing to light 
40 emission will be described by using Fig. 17. In Fig. 17, 
reference numerals denoting respective portions con- 
form to those shown in Fig. 16. Figs. 17Ato 17C sche- 
matically show current paths. Fig. 17D shows the rela- 
tionship between currents flowing through respective 
45 paths during a write of a video signal, and Fig. 17E 
shows a voltage accumulated in the capacitor device 
610 also during the write of a video signal, that is, agate- 
source voltage of the TFT 608. 

[0011] First, a pulse is input to the first and second 
50 scanning lines 602 and 603 to turn the TFTs 606 and 
607 ON. A signal current flowing through the signal line 
601 at this time will be referred to as l data . As shown in 
Fig. 1 7A, since the signal current l data is flowing through 
the signal line 601 , the current separately flows through 
55 current paths \ A and l 2 in the pixel. Fig. 17D shows the 
relationship between the currents. Needless to say, the 
relationship is expressed as l data = l-| + l 2 - 
[0012] The moment the TFT 606 is turned ON, no 
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charge is yet accumulated in the capacitor device 610, 
and thus, the TFT 608 is OFF. Accordingly, l 2 = 0 and 
'data = h are established. In the moment, the current 
flows between electrodes of the capacitor device 610, 
and charge accumulation is performed in the capacitor 
device 610. 

[0013] Charge is gradually accumulated in the capac- 
itor device 61 0, and a potential difference begins to de- 
velop between both the electrodes (Fig. 1 7E). When the 
potential difference of both the electrodes has reached 
V th (point A in Fig. 1 7E), the TFT 608 is turned ON, and 
l 2 occurs. As described above, since l data = \ A + l 2 is 
established, while \ : gradually decreases, the current 
keeps flowing, and charge accumulation is continuously 
performed in the capacitor device 610. 
[0014] In the capacitor device 610, charge accumula- 
tion continues until the potential difference between 
both the electrodes, that is, the gate-source voltage of 
the TFT 608 reaches a desired voltage. That is, charge 
accumulation continues until the voltage reaches a level 
at which the TFT 608 can allow the current l data to flow. 
When charge accumulation terminates (B point in Fig. 
1 7E), the current ^ stops flowing. Further, since the TFT 

608 is fully ON, l data = l 2 is established (Fig. 17B). Ac- 
cording to the operations described above, the opera- 
tion of writing the signal to the pixel is completed. Finally, 
selection of the first and second scanning lines 602 and 
603 is completed, and the TFTs 606 and 607 are turned 
OFF. 

[0015] Subsequently, a pulse is inputto the third scan- 
ning line 604, and the TFT 609 is turned ON. Since V GS 
that has been just written is held in the capacitor device 
610, the TFT 608 is already turned ON, and a current 
equal to l data flows thereto from the current line 605. 
Thus, the light emitting element 611 emits light. At this 
time, when the TFT 608 is set to operate in a saturation 
region, even if the source-drain voltage of the TFT 608 
varies, a light emitting current l EL flowing to the light 
emitting element 611 flows without variation. 
[0016] As described above, the current input method 
refers to a method in which the drain current of the TFT 

609 is set to have the same current value as that of the 
signal current l data set in the current source circuit 612, 
and the light emitting element 611 emits light with the 
luminance corresponding to the drain current. By using 
the thus structured pixel, the effects of the characteristic 
variations of TFTs constituting the pixel is reduced, and 
a desired current can be supplied to the light emitting 
element. 

[0017] Incidentally, in the light emitting device em- 
ploying the current input method, a signal current corre- 
sponding to a video signal needs to be precisely input 
to a pixel. However, when a signal line drive circuit (cor- 
responding to the current source circuit 612 in Fig. 16) 
used to input the signal current to the pixel is constituted 
by polysilicon transistors, variation in characteristics 
thereof occurs, thereby also causing variation in char- 
acteristics of the signal current. 



[0018] That is, in the light emitting element employing 
the current input method, influence by variation in char- 
acteristics of TFTs constituting the pixel and the signal 
line drive circuit need to be suppressed. However, while 
5 the effects of the characteristic variations of TFTs con- 
stituting the pixel is reduced by using the pixel having 
the structure of Fig. 1 6B, reduction of the effects of char- 
acteristic variations of TFTs constituting the signal line 
drive circuit is difficult. 
w [0019] Hereinafter, using Fig. 18, a brief description 
will be made of the structure and operation of a current 
source circuit disposed in the signal line drive circuit that 
drives the pixel employing the current input method. 
[0020] The current source circuit 612 shown in Figs. 
15 18A and 18B corresponds to the current source circuit 
61 2 of Fig. 1 6B. The current source circuit 612 includes 
constant current sources 555 to 558. The constant cur- 
rent sources 555 to 558 are controlled by signals that 
are input via respective terminals 551 to 554. The mag- 
20 nitudes of currents supplied from the constant current 
sources 555 to 558 are different from one another, and 
the ratio thereof is set to 1 : 2 : 4 : 8. 
[0021 ] Fig. 1 8B shows a circuit structure of the current 
source circuit 61 2, in which the constant current sources 
25 555 to 558 shown therein correspond to transistors. The 
ratio of ON currents of the transistors 555 to 558 is set 
to 1 : 2 : 4 : 8 according to the ratio (1 :2:4:8) of the value 
of L (gate length)/W (gate width). The current source 
circuit 612 then can control the current magnitudes at 
30 2 4 = 1 6 levels. Specifically, currents having 1 6-gradation 
analog values can be output for 4-bit digital video sig- 
nals. Note that the current source circuit 612 is consti- 
tuted by polysilicon transistors, and is integrally formed 
with the pixel portion on the same substrate. 
35 [0022] As described above, conventionally, a signal 
line drive circuit incorporated with a current source cir- 
cuit has been proposed (for example, refer to Non-pat- 
ent Documents 1 and 2). 

[0023] In addition, digital gradation methods include 
40 a method in which a digital gradation method is com- 
bined with an area gradation method to represent multi- 
gradation images (hereinafter, referred to as area gra- 
dation method), and a method in which a digital grada- 
tion method is combined with a time gradation method 
45 to represent multi-gradation images (hereinafter, re- 
ferred to as time gradation method). The area gradation 
method is a method in which one pixel is divided into a 
plurality of sub-pixels, emission or non-emission is se- 
lected in each of the sub-pixels, and the gradation is rep- 
50 resented according to a difference between a light emit- 
ting area and the other area in a single pixel. The time 
gradation method is a method in which gradation repre- 
sentation is performed by controlling the emission peri- 
od of a light emitting element. To be more specific, one 
55 frame period is divided into a plurality of subframe peri- 
ods having mutually different lengths, emission or non- 
emission of a light emitting element is selected in each 
period, and the gradation is presented according to a 
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difference in length of light emission time in one frame 
period. In the digital gradation method, the method in 
which a digital gradation method is combined with a time 
gradation method (hereinafter, referred to as time gra- 
dation method) is proposed. (For example, refer to Pat- 
ent Document 1). 

[Non-patent Document 1] 

[0024] Reiji Hattori & three others, "Technical Report 
of Institute of Electronics; Information and Communica- 
tion Engineers (IEICE) ", ED 2001-8, pp. 7-14, "Circuit 
Simulation of Current Specification Type Polysilicon 
TFT Active Matrix- Driven Organic LED Display" 
[Non-patent Document 2] 

Reiji H et al.; "AM-LCD'01", OLED-4, pp. 223-226 
[Patent Document 1] 

JP 2001-5426 A 

Disclosure of the Invention 

[0025] The above-described current source circuit 
612 is set such that the ON-state currents of the tran- 
sistors are in a proportion of 1 :2:4:8 by the design of the 
value L (gate length)/W (gate width). However, in the 
transistors 555 to 558, many factors including variations 
in the gate length, gate width, and the thickness of a 
gate insulator film, which are caused by the difference 
in manufacturing process and a substrate for use, con- 
spire to cause variations in the threshold value and mo- 
bility. Therefore, it is difficult to set the proportion of the 
ON-state currents of the transistors 555 to 558 to 1 :2:4: 
8 accurately as designed. In brief, the values of currents 
to be supplied to pixels vary by column. 
[0026] In order to set the proportion of the ON-state 
currents of the transistors 555 to 558 to 1 :2:4:8 accu- 
rately as designed, all the characteristics of the current 
source circuits in all columns must be the same. In other 
words, it is necessary for all the characteristics of the 
transistors of the current source circuits held in the sig- 
nal-line drive circuit to be the same; however, it is ex- 
tremely difficult to realize. 

[0027] The present invention has been made in con- 
sideration of the above problems, and provides a signal- 
line drive circuit capable of reducing the effects of the 
characteristic variations of TFTs and supplying a desired 
signal current to pixels. Furthermore, the present inven- 
tion provides a light emitting device capable of reducing 
the effects of the characteristic variations of TFTs that 
constitute both the pixels and the drive circuit and sup- 
plying a desired signal current to light-emitting elements 
using the pixels with the circuit configuration in which 
the effects of the characteristic variations of TFTs are 
reduced. 

[0028] The present invention provides a signal-line 
drive circuit with a new configuration equipped with an 
electrical circuit (referred to as a current source circuit 
in this specification) that carries a desired constant cur- 



rent with reduced effects of characteristic variations in 
TFTs. Furthermore, the present invention provides a 
light emitting device equipped with the signal-line drive 
circuit described above. 

5 [0029] The present invention provides a signal-line 
drive circuit having a current source circuit disposed in 
each column (each signal line and so on). 
[0030] In the signal-line drive circuit of the present in- 
vention, a signal current is set in the current source cir- 

10 cuit arranged in each signal line using a video-signal 
constant current source. The current source circuit in 
which the signal current is set is capable of feeding a 
current proportional to the video-signal constant current 
source . Thus, the effects of the characteristic variations 

15 of TFTs constituting the signal-line drive circuit can be 
reduced by using the current source circuit. 
[0031] The video-signal constant current source may 
be integrated with the signal-line drive circuit on the sub- 
strate. Alternatively, current may be inputted as a video- 

20 signal current from the outside of the substrate using an 
IC or the like. In this case, a constant current or acurrent 
responsive to the video signal is supplied as a video- 
signal current from the exterior of the substrate to the 
signal-line drive circuit. 

25 [0032] The outline of the signal-line drive circuit of the 
present invention will be described with reference to 
Figs. 1 and 2. Figs. 1 and 2 show a signal-line drive cir- 
cuit around the ith to (i + 2)th three signal lines. 
[0033] Referring to Fig. 1, a signal-line drive circuit 

30 403 has a current source circuit 420 arranged in each 
signal line (each column). The current source circuit 420 
has a terminal a, a terminal b, and a terminal c. From 
the terminal a, a setting signal is inputted. To the terminal 
b, a current (signal current) is supplied from a video- 

35 signal constant current source 1 09 connected to the cur- 
rent line. From the terminal c, asignal held in the current 
source circuit 420 is outputted through a switch 101. In 
other words, the current source circuit 420 is controlled 
by the setting signal inputted from the terminal a; to 

40 which the supplied signal current is inputted through the 
terminal b; and which outputs a current proportional to 
the signal current through the terminal c. The switch 1 01 
is arranged between the current source circuit 420 and 
pixels connected to the signal line, and the ON/OFF of 

45 the switch 101 is controlled by a latch pulse. 

[0034] Next, a signal-line drive circuit having a differ- 
ent configuration form that of Fig. 1 will be described 
with reference to Fig. 2. In Fig. 2, the signal-line drive 
circuit 403 includes two or more current source circuits 

50 420 for each signal line (each column). The current 
source circuit 420 includes a plurality of current source 
circuits. Assuming that two current source circuits are 
provided, the current source circuit 420 includes a first 
current source circuit 421 and a second current source 

55 circuit 422. Each of the first current source circuit 421 
and the second current source circuit 422 includes a ter- 
minal a, a terminal b, a terminal c, and a terminal d. 
Through the terminal a, a setting signal is inputted. 
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Through the terminal b, a current (signal current) is sup- 
plied from the video-signal constant current source 1 09 
connected to the current line. Through the terminal c, a 
signal held in each of the first current source circuit 421 
and the second current source circuit 422 is outputted. 
In other words, the current source circuit 420 is control- 
led by the setting signal inputted through the terminal a 
and a control signal inputted through the terminal d; to 
which the supplied signal current is inputted through the 
terminal b; and which outputs a current (signal current) 
proportional to the signal current through the terminal c. 
The switch 1 01 is arranged between the current source 
circuit 420 and pixels connected to the signal line, and 
the ON/OFF of the switch 101 is controlled by a latch 
pulse. Through the terminal d, a control signal is input- 
ted. 

[0035] In this specification, the operation of bringing 
the writing of signal current l data to the current source 
circuit 420 to an end (setting a signal current, setting so 
as to allow the output of a current proportional to the 
signal current by the signal current, and defining so that 
the current source circuit 420 can output the signal cur- 
rent) is called a setting operation; and the operation of 
inputting the signal current l data to pixels (operation of 
the current source circuit 420 to output a signal current) 
is called an inputting operation. Referring to Fig. 2, since 
the control signals inputted to the first current source 
circuit 421 and the second current source circuit 422 are 
different from each other, one of the first current source 
circuit 421 and the second current source circuit 422 
performs setting operation and the other performs input- 
ting operation. Thus, the two operations can be per- 
formed at the same time. 

[0036] In the present invention, a light emitting device 
includes a panel having a pixel section including light- 
emitting elements and a signal-line drive circuit en- 
closed between the substrate and a cover member; a 
module mounting an IC and the like on the panel; and 
a display. In short, the light emitting device corresponds 
to the general term for the panel, module, and the dis- 
play. 

[0037] The signal-line drive circuit of the present in- 
vention includes latches each having a current source 
circuit. The signal-line drive circuit of the present inven- 
tion can be applied to both an analog intensity-level sys- 
tem and a digital intensity-level system. 
[0038] According to the present invention, the TFT 
can be replaced with a general transistor using a single 
crystal, a transistor using an SOI (silicon on insulator), 
an organic transistor and so on for application. 
[0039] The present invention is a signal-line drive cir- 
cuit comprises first and second current source circuits 
corresponding to respective plurality of signal lines; a 
shift register; and n (n is a natural number of one or 
more) video-signal constant current source s, charac- 
terized in that: 

each of the first and second current source circuits 



has a capacitance means and a supply means; 
wherein 

the capacitance means held in one of the first and 
second source circuits converts a current including 

5 a current supplied from each of the n video-signal 

constant current source s to voltage in accordance 
with a sampling pulse supplied from the shift regis- 
ter and a latch pulse supplied from the exterior; and 
the supply means held in the other supplies a cur- 

10 rent responsive to the converted voltage; and 

the values of the currents to be supplied from the n 
video-signal constant current source s are set to a 
proportion of 2°:2 1 :--:2 n . 

15 [0040] The present invention is a signal-line drive cir- 
cuit comprising (2 x n) current source circuits corre- 
sponding to respective plurality of signal lines; a shift 
register, and n (n is a natural number of one or more) 
video-signal constant current source s, characterized in 
20 that: 

the (2 x n) current source circuits includes a capac- 
itance means for converting a current supplied from 
either one of the n video-signal constant current 
25 source s to voltage in accordance with a sampling 
pulse supplied from the shift register and a latch 
pulse supplied from the exterior; and a supply 
means for supplying a current corresponding to the 
converted voltage; 
30 a current is supplied to each of the plurality of signal 
lines from the n current source circuits selected 
from the (2 x n) current source circuits; and 
the values of the currents to be supplied from the n 
video-signal constant current source s are set to a 
35 proportion of 2°:2 1 :■■■ :2 n . 

[0041] The signal-line drive circuit with the foregoing 
configuration according to the present invention in- 
cludes a shift register and a latch having two or more 

40 current source circuits. The current source circuit having 
a supply means and a capacitance means can supply a 
predetermined value of current without being affected 
by the characteristic variations of the constituting tran- 
sistors. The signal-line drive circuit has a logical opera- 

45 tor. A sampling pulse supplied from the shift register and 
a latch pulse supplied from the exterior are inputted to 
the two input terminals of the logical operator. In the 
present invention, the two or more current source cir- 
cuits disposed in the latch are controlled using a signal 

50 outputted from the output terminal of the logical opera- 
tor. In this case, the operation of converting the supplied 
current to a voltage can accurately be performed in the 
current source circuit over a long period of time. 
[0042] In the present invention, there is provided a 

55 signal-line drive circuit having the foregoing current 
source circuits. Furthermore, in the present invention, 
there is provided a light emitting device capable of re- 
ducing the effects of the characteristic variations in TFTs 
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that constitute both the pixels and the drive circuit, and 
supplying a desired signal current l data to light-emitting 
elements by using pixels with the circuit configuration in 
which the effects of the characteristic variations in TFTs 
are reduced. 

Brief Description of the Drawings 
[0043] 

Fig. 1 is a view of a signal line drive circuit. 
Fig. 2 is a view of a signal line drive circuit. 
Fig. 3 is views of a signal line drive circuit (1-bit, 
2-bit). 

Fig. 4 is a view of a signal line drive circuit (1 -bit). 
Fig. 5 is a view of a signal line drive circuit (2-bit). 
Fig. 6 is a circuit diagram of current source circuits. 
Fig. 7 is a circuit diagram of current source circuits. 
Fig. 8 is a circuit diagram of current source circuits. 
Fig. 9 is a circuit diagram of a video-signal current 
source. 

Fig. 1 0 is a circuit diagram of a video-signal current 
source. 

Fig. 1 1 is a circuit diagram of a video-signal current 
source. 

Fig. 12 is a view of the appearance of a light emitting 

device according to the present invention. 

Fig. 13 is a circuit diagram of pixels of a light emitting 

device. 

Fig. 14 is an explanatory view of a driving method 
of a light emitting device according to the present 
invention. 

Fig. 15 is a view of a light emitting device of the 
present invention. 

Fig. 1 6 is a circuit diagram of a pixel in a light emit- 
ting device. 

Fig. 1 7 is an explanatory view of operations of a pix- 
el in the light emitting device. 
Fig. 1 8 is a view of a current source circuit. 
Fig. 1 9 is an explanatory view of operations of a cur- 
rent source circuit. 

Fig. 20 is an explanatory view of operations of a cur- 
rent source circuit. 

Fig. 21 is an explanatory view of operations of a cur- 
rent source circuit. 

Fig. 22 is a view of an electronic device to which a 
light emitting device according to the present inven- 
tion is applied. 

Fig. 23 is a circuit diagram of a video-signal current 
source . 

Fig. 24 is a circuit diagram of a video-signal current 
source . 

Fig. 25 is a circuit diagram of a video-signal current 
source . 

Fig. 26 is a view of a signal line drive circuit (2-bit). 
Fig. 27 is a circuit diagram of a current source. 
Fig. 28 is a circuit diagram of a current source. 
Fig. 29 is a circuit diagram of a current source. 



Fig. 30 is a circuit diagram of a current source. 

Fig. 31 is a circuit diagram of a current source. 

Fig. 32 is a circuit diagram of a current source. 

Fig. 33 is a view showing a signal line drive circuit. 
5 Fig. 34 is a view showing a signal line drive circuit. 

Fig. 35 is a view showing a signal line drive circuit. 

Fig. 36 is a view showing a signal line drive circuit. 

Fig. 37 is a view showing a signal line drive circuit. 

Fig. 38 is a view showing a signal line drive circuit. 
10 Fig. 39 is a view showing a signal line drive circuit. 

Fig. 40 is a view showing a signal line drive circuit. 

Fig. 41 is a view showing a signal line drive circuit. 

Fig. 42 is a view showing a signal line drive circuit. 

Fig. 43 is a view showing a signal line drive circuit. 
15 Fig. 44 is a circuit diagram of a video-signal current 

source. 

Fig. 45 is a circuit diagram of a video-signal current 
source. 

Fig. 46 is a circuit diagram of a video-signal current 
20 source. 

Fig. 47 is a circuit diagram of a video-signal current 
source. 

Fig. 48 is a view of a signal line drive circuit. 
Fig. 49 is a layout view of a current source circuit. 
25 Fig. 50 is a circuit diagram of a current source cir- 
cuit. 

Best Mode for carrying but the Invention 

30 [First Embodiment] 

[0044] In this embodiment, an example of a circuit 
structure and its operation of a current source circuit 420 
which is supplied in a signal line drive circuit of the 
35 present invention will be described. 

[0045] In the invention, a setting signal input from a 
terminal a represents a signal input from an output ter- 
minal of a logical operator. In other words, the setting 
signal in Fig. 1 corresponds to the signal input from the 
40 output terminal of the logical operator. In the present in- 
vention, the setting operation of the current source cir- 
cuit 420 is performed in accordance with the signal input 
from the output terminal of the logical operator. 
[0046] One of two input terminals of the logical oper- 
as ator is input with a sampling pulse from a register, and 
the other is input with a latch pulse. In the logical oper- 
ator, a logic operation of two signals which have been 
input is performed, and a signal from the output terminal 
is output. Then in the current source circuit, the setting 
50 operation or the input operation is performed according 
to the signal input from the output terminal of the logical 
operator. 

[0047] Note that a shift register has a structure includ- 
ing, for example, flip-flop circuits (FFs) in a plurality of 
55 columns. A clock signal (S-CLK), a start pulse (S-SP), 
and an inverted clock signal (S-CLKb) are input to the 
shift register, and signals serially output according to the 
timing of the input signals are called sampling pulses. 
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[0048] In Fig. 6A, a circuit including switches 104, 
1 05a, and 1 06, a transistor 1 02 (n-channel type), and a 
capacitor device 1 03 for retaining a gate-source voltage 
VGS of the transistor 102 corresponds to the current 
source circuit 420. 

[0049] In the current source circuit 420, the switch 104 
and the switch 1 05a are turned ON by a signal input via 
the terminal a. A current is supplied via aterminal b from 
a video-signal current source 1 09 (hereafter referred to 
as constant current source 1 09) connected to a current 
line (video line), and acharge is retained in the capacitor 
device 1 03. The charge is retained in the capacitor de- 
vice 1 03 until asignal current l data supplied from the con- 
stant current source 1 09 becomes identical with a drain 
current of the transistor 102. 

[0050] Then, the switch 1 04 and the switch 1 05a are 
turned OFF by a signal input via the terminal a. As a 
result, since the predetermined charge is retained in the 
capacitor device 1 03, the transistor 1 02 is imparted with 
a capability of flowing a current having a magnitude cor- 
responding to that of the signal current l data . If the switch 
101 (signal current control switch) and the switch 106 
are turned into a conductive state, a current via a termi- 
nal c flows to a pixel connected to the signal line. At this 
time, since the gate voltage of the transistor 1 02 is main- 
tained at a predetermined gate voltage in the capacitor 
device 103. Thus, the effects of the characteristic vari- 
ations of TFTs constituting the signal line drive circuit is 
reduced, and the magnitude of the current input to the 
pixel can be controlled. 

[0051 ] The connection structure of the switch 1 04 and 
the switch 1 05a is not limited to the structures shown in 
Fig. 6A. For example, the structure may be such that 
one of terminals of the switch 104 is connected to the 
terminal b, and the other terminal is connected between 
itself and the gate electrode of the transistor 102; and 
one of terminals of the switch 105a is connected to the 
terminal b via the switch 1 04, and the other terminal is 
connected to the switch 106. Then, the switch 104 and 
the switch 1 05a are controlled by a signal input from the 
terminal a. 

[0052] Alternatively, the switch 104 may be disposed 
between the terminal b and the gate electrode of the 
transistor 104, and the switch 105a may be disposed 
between the terminal b and the switch 1 1 6. Specifically, 
referring to Fig. 27A, lines, switches, and the like may 
be disposed such that the connection is structured as 
shown in Fig. 27(A1) in the setting operation, and the 
connection is structured as shown in Fig. 27(A2) in the 
input operation. The number of wirings, the number of 
switches, and the structure are not particularly limited. 
[0053] In the current source circuit 420 of Fig. 6A, the 
signal setting operation (setting operation) and the sig- 
nal inputting operation (input operation) to the pixel or 
the current source circuit, that is, the current outputting 
operation from the current source circuit cannot be per- 
formed simultaneously. 

[0054] Referring to Fig. 6B, a circuit including a switch 



124, a switch 125, a transistor 122 (n-channel type), a 
capacitor device 123 for retaining agate-source voltage 
VGS of the transistor 1 22, and a transistor 1 26 (n-chan- 
nel type) corresponds to the current source circuit 420. 

5 [0055] The transistor 1 26 functions as either a switch 
or a part of a current source transistor. 
[0056] In the current source circuit 420 shown in Fig. 
6B, the switch 1 24 and the switch 1 25 are turned ON by 
a signal input via the terminal a. Then, a current is sup- 

10 plied via the terminal b from the constant current source 
109 connected to the current line, and a charge is re- 
tained in the capacitor device 123. The charge is re- 
tained therein until the signal current l data flown from the 
constant current source 109 becomes identical with a 

15 drain current of the transistor 122. Note that, when the 
switch 124 is turned ON, since a gate-source voltage 
VGS of the transistor 1 26 is set to 0 V, the transistor 1 26 
is turned OFF. 

[0057] Subsequently, the switch 124 and the switch 

20 1 25 are turned OFF by a signal input via the terminal a. 
As a result, since a predetermined charge is retained in 
the capacitor device 123, the transistor 122 is imparted 
with a capability of flowing a current having a magnitude 
corresponding to that of the signal current l data . If the 

25 switch 101 (signal current control switch) is turned into 
a conductive state, the current flows to the pixel con- 
nected to the signal line via the terminal c. At this time, 
since the gate voltage of the transistor 1 22 is maintained 
by the capacitor device 123 at a predetermined gate 

30 voltage, a drain current corresponding to the signal cur- 
rent l data flows to the drain region of the transistor 122. 
Thus, the effects of the characteristic variations of TFTs 
constituting the signal line drive circuit is reduced, and 
the magnitude of the current input to the pixel can be 

35 controlled. 

[0058] When the switches 124 and 125 have been 
turned OFF, gate and source potentials of the transistor 
1 26 are varied not to be the same. As a result, since the 
charge retained in the capacitor device 123 is distributed 

40 also to the transistor 126, and the transistor 126 is au- 
tomatically turned ON. Here, the transistors 1 22 and 1 26 
are connected in series, and the gates thereof are con- 
nected. Accordingly, each of the transistors 1 22 and 1 26 
serves as a multi-gate transistor. That is, a gate length 

45 l of the transistor varies between the setting operation 
and the input operation. Therefore, the value of the cur- 
rent supplied from the terminal b at the time of the setting 
operation can be made larger than the value of the cur- 
rent supplied from the terminal c at the time of the input 

50 operation. Thus, various loads (such as wiring resist- 
ances and cross capacitances) disposed between the 
terminal b and the constant current source 1 09 can be 
charged even faster. Consequently, the setting opera- 
tion can be completed quickly. 

55 [0059] The number of switches, the number of wir- 
ings, and their connection structures are not particularly 
limited. Specifically, referring to Fig. 27B, wirings and 
switches may be disposed such that the connection is 
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structured as shown in Fig. 27(B1) in the setting opera- 
tion, and the connection is structured as shown in Fig. 
27(B2) in the input operation. In particular, in Fig. 27 
(C2), it is sufficient that the charge accumulated in a ca- 
pacitor device 1 07 does not leak. The number of switch- 
es and wirings are not particularly limited. 
[0060] Note that, in the current source circuit 420 
shown in Fig. 6B, the signal setting operation (setting 
operation) and the signal inputting operation (input op- 
eration) to the pixel, that is, the current outputting oper- 
ation from the current source circuit cannot be per- 
formed simultaneously. 

[0061 ] Referring to Fig. 6C, a circuit including a switch 
108, a switch 110, transistors 105b, 106 (n-channel 
type), and a capacitor device 107 for retaining gate- 
source voltages VGS of the transistors 150b and 106 
corresponds to the current source circuit 420. 
[0062] In the current source circuit 420 shown in Fig. 
6C, the switch 1 08 and the switch 1 1 0 are turned ON by 
asignal input via aterminal a. Then, a current is supplied 
via a terminal b from the constant current source 109 
connected to the current line, and a charge is retained 
in the capacitor device 107. The charge is retained 
therein until the signal current l data flown from the con- 
stant current source 1 09 becomes identical with a drain 
current of the transistor 1 05b. At this time, since the gate 
electrodes of the transistor 105b and of the transistor 
106 are connected to each other, the gate voltages of 
the transistor 105b and the transistor 106 are retained 
by the capacitor device 1 07. 

[0063] Then, the switch 108 and the switch 110 are 
turned OFF by the signal input via the terminal a. As a 
result, since a predetermined charge is retained in the 
capacitor device 1 07, the transistor 1 06 is imparted with 
a capability of flowing a current having a magnitude cor- 
responding to that of the signal current l data . If the switch 
1 01 (signal current control switch) is turned to a conduc- 
tive state, a current flows to the pixel connected to the 
signal line via a terminal c. At this time, since the gate 
voltage of the transistor 1 06 is maintained by the capac- 
itor device 107 at the predetermined gate voltage, a 
drain current corresponding to the current (the signal 
current l data ) flows to the drain region of the transistor 
106. Thus, the effects of the characteristic variations of 
TFTs constituting the signal line drive circuit is reduced, 
and the magnitude of the current input to the pixel can 
be controlled. 

[0064] At this time, characteristics of the transistor 
105b and the transistor 106 need to be the same to 
cause the drain current corresponding to the signal cur- 
rent l data to flow precisely to the drain region of the tran- 
sistor 106. To be more specific, values such as mobility 
and thresholds of the transistor 1 05b and the transistor 
106 need to be the same In addition, in Fig. 6C, the value 
of W (gate width)/L (gate length) of each of the transistor 
105b and the transistor 106 may be arbitrarily set, and 
a current proportional to the signal current l data supplied 
from the constant current source 109 and the like may 



be supplied to the pixel. 

[0065] Further, the value of W/L of the transistor 1 05b 
or the transistor 106 that is connected to the constant 
current source 1 09 is set high, whereby the write speed 
5 can be increased by supplying a large current from the 
constant current source 109. 

[0066] With the current source circuit 420 shown in 
Fig. 6C, the signal setting operation (setting operation) 
can be performed simultaneously with the signal input- 

10 ting operation (input operation) to the pixel. 

[0067] Each of the current source circuits 420 of Figs. 
6D and 6E has the same circuit element connection 
structures as that of the current source circuit 420 of Fig. 
6C, except for the connection structure of the switch 

15 no. In addition, since the operation of the current 
source circuit 420 of each of Figs. 6D and 6E conforms 
to the operation of the current source circuit 420 of Fig. 
6C, a description thereof will be omitted in the present 
embodiment. 

20 [0068] Note that, the number of switches, the number 
of wirings, and their connection structures are not par- 
ticularly limited. Specifically, referring to Fig. 27C, wir- 
ings and switches may be disposed such that the con- 
nection is structured as shown in Fig. 27(C1) in the set- 

25 ting operation, and the connection is structured as 
shown in Fig. 27(C2) in the input operation. In particular, 
in Fig. 27(C2), it is sufficient that the charge accumulat- 
ed in the capacitor device 107 does not leak. 
[0069] Referring to Fig. 28A, a circuit including switch- 
so es 195b, 195c, 195d, and 195f, a transistor 195a, and 
a capacitor device 195e corresponds to the current 
source circuit. In the current source circuit shown in Fig. 
28A, the switches 1 95b, 1 95c, 1 95d, and 1 95f are turned 
ON by a signal input via a terminal a. Then, a current is 

35 supplied via a terminal b from the constant current 
source 109 connected to the current line. A predeter- 
mined charge is retained in the capacitor device 195e 
until the signal current supplied from the constant cur- 
rent source 109 becomes identical with a drain current 

40 of the transistor 1 95a. 

[0070] Then, the switches 1 95b, 1 95c, 1 95d, and 1 95f 
are turned OFF by a signal input via the terminal a. At 
this time, since the predetermined charge is retained in 
the capacitor device 1 95e, the transistor 1 95a is impart- 

45 ed with a capability of flowing a current having a mag- 
nitude corresponding to that of the signal current. This 
is because the gate voltage ofthe transistor 1 95a is set 
by the capacitor device 195a to a predetermined gate 
voltage, and a drain current corresponding to a current 

50 (reference current) flows to the drain region of the tran- 
sistor 1 95a. In this state, a current is supplied to the out- 
side via a terminal c. Note that, in the current source 
circuit shown in Fig. 28A, the operation for setting the 
current source circuit to have a capability of flowing a 

55 signal current cannot be performed simultaneously with 
the input operation for inputting the signal current to the 
pixel. In addition, when a switch controlled by the signal 
input via the terminal a is ON, and also, when a current 
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is controlled not to flow from the terminal c, the terminal 
c needs to be connected to another line of the other po- 
tential. Here, the line potential is represented by Va. Va 
may be a potential sufficient to flow a current flowing 
from the terminal b as it is, and may be a power supply 
voltage Vdd as an example. 

[0071 ] Note that, the number of switches, the number 
of wirings, and their connection structures are not par- 
ticularly limited. Specifically, referring to Figs. 28B and 
28C, wirings and switches may be disposed such that 
the connection is structured as shown in either Fig. 28 
(B1 ) or 28(C1 ) in the setting operation, and the connec- 
tion is structured as shown in either Fig. 28(B2) or 28 
(C2) in the input operation. The number of wirings and 
switches are not particularly limited. 
[0072] Further, in the current source circuits of Figs. 
6A and 6C to 6E, the current-flow directions (directions 
from the pixel to the signal line drive circuit) are the 
same. The polarity (conductivity type) of each of the 
transistor 102, the transistor 105b, and the transistor 
106 can be of p-channel type. 

[0073] Fig. 7A shows a circuit structure in which the 
current-flow direction (direction from the pixel to the sig- 
nal line drive circuit) is the same, and the transistor 102 
shown in Fig. 6A is set to be of p-channel type. In Fig. 
7A, with the capacitor device disposed between the gate 
and the source, even when the source potential varies, 
the gate-source voltage can be maintained. Further, 
Figs. 7B to 7D show circuit diagrams in which the cur- 
rent-flow directions (directions from the pixel to the sig- 
nal line drive circuit) are the same, and the transistor 
1 05b and the transistor 1 06 shown in Figs. 6C to 6E are 
set to be of p-channel type. 

[0074] Further, Fig. 29A shows a case where the tran- 
sistor 1 95a is set to be of p-channel type in the structure 
of Fig. 28. Fig. 29B shows a case where the transistors 
1 22 and 1 26 are set to be of p-channel type in the struc- 
ture of Fig. 6B. 

[0075] Referring to Fig. 31 , a circuit including switches 
104 and 116, a transistor 102, a capacitor device 103, 
and the like corresponds to the current source circuit. 
[0076] Fig. 31 A corresponds to the circuit of Fig. 6A 
that is partly modified. In the current source circuit of 
Fig. 31 A, the transistor gate width W varies between the 
setting operation of the current source and the input op- 
eration. Specifically, in the setting operation, the con- 
nection is structured as shown in Fig. 31 B, in which the 
gate width W is large. In the input operation, the con- 
nection is structured as shown in Fig. 31 C, in which the 
gate width W is small. Therefore, the value of the current 
supplied from the terminal b at the time of the setting 
operation can be made larger than the value of the cur- 
rent supplied from the terminal c at the time of the input 
operation. Thus, various loads (such as wiring resist- 
ances and cross capacitances) disposed between the 
terminal b and the constant current source for the video 
signal can be charged even faster. Consequently, the 
setting operation can be completed quickly. 



[0077] Note that, Fig. 31 shows the circuit of Fig. 6A 
that is partly modified. In addition, the circuit can be eas- 
ily applied to, for example, other circuits shown in Fig. 
6 and to the circuits shown in Fig. 7, Fig. 28, Fig. 30, 

5 and Fig. 29. 

[0078] Note that, in the above mentioned current 
source circuits, a current flows from the pixel to the sig- 
nal line drive circuit. However, the current not only flows 
from the pixel to the signal line drive circuit, but also may 

10 flow from the signal line drive circuit to the pixel. It de- 
pends on the structure of the pixel that the current flows 
in a direction from the pixel to the signal line drive circuit 
or in a direction from the signal line drive circuit to the 
pixel. In the case where the current flows from the signal 

15 line drive circuit to the pixel, Vss (low potential power 
source) may be set to Vdd (high potential power source), 
and the transistors 102, 105b, 106, 122, and 126 may 
be set to be of p-channel type in Fig. 6. Also in the circuit 
diagram shown in Fig. 7, Vss may be set to Vdd, and 

20 the transistors 1 02, 1 05b, and 1 06 may be of n-channel 
type. 

[0079] Note that wirings and switches may be dis- 
posed such that the connection is structured as shown 
in Figs. 30 (A1) to (D1) in the setting operation, and the 
25 connection is structured as shown in Figs. 30 (A2) to 
(D2) in the input operation. The number of switches, the 
number of wirings and their connection structures are 
not particularly limited. 

[0080] Note that, in all the current source circuits de- 
30 scribed above, the disposed capacitor device may not 
be disposed by being substituted by, for example, a gate 
capacitance of a transistor. 

[0081] Hereinafter, a description will be made in detail 
regarding the operations of the current source circuits 
35 of Figs. 6A, 7A, 6C to 6E, and 7B to 7D among those 
described above by using Figs. 6 and 7. To begin with, 
the operations of the current source circuits of Figs. 6A 
and 7A will be described with reference to Fig. 19. 
[0082] Figs. 1 9A to 1 9C schematically show paths of 
40 a current flowing among circuit elements. Fig. 19D 
shows the relationship between the current flowing 
through each path and the time when the signal current 
'data is written to the current source circuit. Fig. 19E 
shows the relationship between the voltage accumulat- 
es ed in a capacitor device 1 6, that is, the gate-source volt- 
age of a transistor 1 5, and the time when the signal cur- 
rent l data is written to the current source circuit. In the 
circuit diagrams of Figs. 19A to 19C, numeral 11 de- 
notes a video-signal current source, each of switches 
50 12 to 14 is a semiconductor device having a switching 
function, numeral 15 denotes a transistor (n-channel 
type), numeral 16 denotes a capacitor device, and nu- 
meral 17 denotes a pixel. In this embodiment, the switch 
14, the transistor 15, and the capacitor device 16 form 
55 an electric circuit corresponding to a current source cir- 
cuit 20. Drawing lines and reference symbols are shown 
in Fig. 19A. Since drawing lines and reference symbols 
shown in Figs. 1 9B and 1 9C are similar to those shown 
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in Fig. 19A, they are omitted here. 
[0083] A source region of the n-channel transistor 15 
is connected to Vss, and a drain region thereof is con- 
nected to the video-signal current source 11. One of 
electrodes of the capacitor device 16 is connected to 
Vss (the source of the transistor 1 5), and the other elec- 
trode is connected to the switch 1 4 (the gate of the tran- 
sistor 15). The capacitor device 16 plays a role of hold- 
ing the gate-source voltage of the transistor 15. 
[0084] Note that, in practice, the current source circuit 
20 is supplied in the signal line drive circuit. A current 
corresponding to the signal current l data flows via, for 
example, a circuit element included in the signal line or 
the pixel from the current source circuit 20 supplied in 
the signal line drive circuit. However, since Fig. 19 is a 
diagram for briefly explaining the outline of the relation- 
ship among the video-signal current source 1 1 , the cur- 
rent source circuit 20, and the pixel 1 7, a detailed illus- 
tration of the structure is omitted. 
[0085] First, an operation (setting operation) of the 
current source circuit 20 for retaining the signal current 
l data will be described by using Figs. 19A and 19B. Re- 
ferring to Fig. 19A, the switch 12 and the switch 14 are 
turned ON, and the switch 13 is turned OFF. In this state, 
the signal current l data is output from the video-signal 
current source 1 1 , and flows to the current source circuit 
20 from the video-signal current source 11 . At this time, 
since the signal current l data is flowing from the video- 
signal current source 11, the current flows separately 
through current paths \ A and l 2 in the current source cir- 
cuit 20, as shown in Fig. 1 9A. Fig. 1 9D shows the rela- 
tionship at this time. Needless to say, the relationship is 
expressed as l data =^ + 12. 

[0086] The moment the current starts to flow from the 
video-signal current source 1 1 , since no charge is accu- 
mulated in the capacitor device 16, the transistor 15 is 
OFF. Accordingly, l 2 = 0 and l data = ^ are established. 
A charge is gradually accumulated into the capacitor de- 
vice 16, and a potential difference begins to occur be- 
tween both electrodes of the capacitor device 16 (Fig. 
19E). When the potential difference of both the elec- 
trodes has reached V th (point A in Fig. 19E), the tran- 
sistor 15 is turned ON, and l 2 >0 is established. As de- 
scribed above, since l data = \ A + l 2 , while ^ gradually 
decreases, the current keeps flowing. The charge accu- 
mulation is continuously performed in the capacitor de- 
vice 1 6. 

[0087] The potential difference between both the 
electrodes of the capacitor device 1 6 serves as the gate- 
source voltage of the transistor 1 5. Thus, the charge ac- 
cumulation in the capacitor device 1 6 continues until the 
gate-source voltage of the transistor 15 reaches a de- 
sired voltage, that is, a voltage (VGS) that allows the 
transistor is to be flown with the current l data . When the 
charge accumulation terminates (B point in Fig. 19E), 
the current \ A stops flowing. Further, since the TFT 15 is 
ON > 'data = '2 is established (Fig. 19B). 
[0088] Next, an operation (input operation) for input- 



ting the signal current l data to the pixel will be described 
by using Fig. 1 9C. When the signal current l data is input 
to the pixel, the switch 13 is turned ON, and the switch 

1 2 and the switch 1 4 are turned OFF. Since VGS written 
5 in the above-described operation is held in the capacitor 

device 16, the transistor 15 is ON. A current identical 
with the signal current l data flows to Vss via the switch 

1 3 and transistor 1 5, and the input of the signal current 
l data to the pixel is then completed. At this time, when 

10 the transistor 1 5 is set to operate in a saturation region, 
even if the source-drain voltage of the transistor 1 5 var- 
ies, a current flowing into the pixel can flows constantly. 
[0089] In the current source circuit 20 shown in Fig. 
1 9, as shown in Figs. 1 9A to 1 9C, the operation is divid- 

15 ed into an operation (setting operation; corresponding 
to Figs. 19Aand 19B) for completing a write of the signal 
current l data to the current source circuit 20, and an op- 
eration (input operation; corresponding to Fig. 19C) for 
inputting the signal current l data to the pixel). Then, in 

20 the pixel, a current is supplied to the light emitting ele- 
ment in accordance with the input signal current l data . 
[0090] The current source circuit 20 of Fig. 19 is not 
capable of performing the setting operation and the in- 
put operation simultaneously. In the case where the set- 

25 ting operation and the input operation need to be per- 
formed simultaneously, at least two current source cir- 
cuits are preferably supplied to each of a plurality of sig- 
nal lines each of which is connected with a plurality of 
pixels and which are provided in a pixel portion. How- 

30 ever, if the setting operation can be performed within a 
period during which the signal current l data is not input 
to the pixel, only one current source circuit may be pro- 
vided for each signal line (each column). 
[0091] Although the transistor 15 of the current source 

35 circuit 20 shown in each of Figs. 19A to 19C is of n- 
channel type, the transistor 1 5 of the current source cir- 
cuit 20 may be of p-channel type, of course. Here, a cir- 
cuit diagram for the case where the transistor 1 5 is of p- 
channel type is shown in Fig. 19. Referring to Fig. 19F, 

40 numeral 31 denotes a video-signal current source , 
each switches 32 to 34 is a semiconductor device (tran- 
sistor) having a switching function, numeral 35 denotes 
a transistor (p-channel type), numeral 36 denotes a ca- 
pacitor device, and numeral 37 denotes a pixel. In this 

45 embodiment, the switch 34, the transistor 35, and the 
capacitor device 36 form an electric circuit correspond- 
ing to a current source circuit 24. 
[0092] The transistor 35 is of p-channel type. One of 
a source region and a drain region of the transistor 35 

50 is connected to Vdd, and the other is connected to the 
constant current source 31 . One of electrodes of the ca- 
pacitor device 36 is connected to Vdd, and the other 
electrode is connected to the switch 36. The capacitor 
device 36 plays a role of holding the gate-source voltage 

55 of the transistor 35. 

[0093] An operation of the current source circuit 24 of 
Fig. 1 9F is similar to that of the current source circuit 20 
described above, except for the current-flow direction, 
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and thus, a description thereof will be omitted here. In 
the case of designing the current source circuit in which 
the polarity of the transistor 15 is changed without 
changing the current-flow direction, the circuit diagram 
of Fig. 7 A may be referenced. 

[0094] Note that in Fig. 32, the current-flow direction 
is the same as in Fig. 19F, in which the transistor 35 is 
of n-channel type. The capacitor device 36 is connected 
between the gate and the source of the transistor 35. 
The source potential of the transistor 35 varies between 
the setting operation and the input operation. However, 
even when the source potential varies, since the gate- 
source voltage is retained, a normal operation is imple- 
mented. 

[0095] Next, operations of the current source circuits 
shown in Figs. 6C to 6E and Figs. 7B to 7D will be de- 
scribed by using Figs. 20 and 21 . Figs. 20A to 20C sche- 
matically show paths through which a current flows 
among circuit elements. Fig. 20D shows the relationship 
between the current flowing through each path and the 
time when the signal current l data is written to the current 
source circuit. Fig. 20E shows the relationship between 
the voltage accumulated in a capacitor device 46, that 
is, the gate-source voltages of transistor 43, 44, and the 
time when the signal current l data is written to the current 
source circuit. Further, in the circuit diagrams of Figs. 
20A to 20C, numeral 41 denotes a video-signal current 
source , a switch 42 is a semiconductor device having 
a switching function, numerals 43 and 44 denote tran- 
sistors (n-channel type), numeral 46 denotes a capaci- 
tor device, and numeral 47 denotes a pixel. In this em- 
bodiment, the switch 42, the transistors 43 and 44, and 
the capacitor device 46 compose an electric circuit cor- 
responding to a current source circuit 25. Note that 
drawing lines and reference symbols are shown in Fig. 
20A, and since drawing lines and reference symbols 
shown in Figs. 20B and 20C conform to those shown in 
Fig. 20A, they are omitted. 

[0096] A source region of the n-channel transistor 43 
is connected to Vss, and a drain region thereof is con- 
nected to the video signal current source 41. A source 
region of the n-channel transistor 44 is connected to 
Vss, and a drain region thereof is connected to a termi- 
nal 48 of the lightemitting element 47. One of electrodes 
of the capacitor device 46 is connected to Vss (the 
sources of the transistors 43 and 44), and the other elec- 
trode thereof is connected to the gate electrodes of the 
transistors 43 and 44. The capacitor device 46 plays a 
role of holding gate-source voltages of the transistors 
43 and 44. 

[0097] Note that, in practice, the current source circuit 
25 is provided in the signal line drive circuit. A current 
corresponding to the signal current l data flows via, for 
example, a circuit element included in the signal line or 
the pixel, from the current source circuit 25 provided in 
the signal line drive circuit. However, since Fig. 20 is a 
diagram for briefly explaining the outline of the relation- 
ship among the video-signal current source 41 , the cur- 



rent source circuit 25, and the pixel 47, a detailed illus- 
tration of the structure is omitted. 
[0098] In the current source circuit 25 of Fig. 20, the 
sizes of the transistors 43 and 44 are important. Here- 

5 inafter, using different reference symbols, a case where 
the sizes of the transistors 43 and 44 are identical and 
a case the sizes are mutually different will be described. 
Referring to Figs. 20A to 20C, the case where the sizes 
of the transistors 43 and 44 are mutually identical will 

10 be described by using the signal current l data . The case 
where the sizes of the transistors 43 and 44 are mutually 
different will be described by using a signal current l data1 
and asignal current l data2 . Note that the sizes of the tran- 
sistors 43 and 44 are determined by using the value of 

15 w (gate width)/L (gate length) of each transistor. 

[0099] First, the case where the sizes of the transis- 
tors 43 and 44 are mutually identical will be described. 
To begin with, operations for retaining the signal current 
l data in the current source circuit 20 will be described by 

20 using Figs. 20A and 20B. Referring to Fig. 20A, when 
the switch 42 is turned ON, the signal current l data is set 
in the video signal current source 41 , and flows from the 
video-signal current source 41 to the current source cir- 
cuit 25. At this time, since the signal current l data is flow- 

25 ing from the video-signal current source 41 , the current 
flows separately through current paths ^ and l 2 in the 
current source circuit 20, as shown in Fig. 20A. Fig. 20D 
shows the relationship at this time. Needless to say, the 
relationship is expressed as l data = \ A + l 2 . 

30 [0100] The moment the current starts to flow from the 
video signal current source 41, since no charge is yet 
accumulated in the capacitor device 46, the transistors 
43 and 44 are OFF. Accordingly, l 2 = 0 and l data = \ A are 
established. 

35 [0101] Then, a charge is gradually accumulated into 
the capacitor device 46, and a potential difference be- 
gins to occur between both electrodes of the capacitor 
device 46 (Fig. 20E). When the potential difference of 
both the electrodes has reached V th (point A in Fig. 20)), 

40 the transistors 43 and 44 are turned ON, and l 2 >0 is es- 
tablished. As described above, since l data =\^ + l 2 , while 
\ A gradually decreases, the current keeps flowing. The 
charge accumulation is continuously performed in the 
capacitor device 46. 

45 [0102] The potential difference between both the 
electrodes of the capacitor device 46 serves as the gate- 
source voltage of each of the transistors 43 and 44. 
Thus, the charge accumulation in the capacitor device 
46 continues until each the gate-source voltages of the 

50 transistors 43 and 44 reaches a desired voltage, that is, 
a voltage (VGS) that allows the transistor 44 to be flown 
with the current l data . When the charge accumulation ter- 
minates (B point in Fig. 20E), the current ^ stops flow- 
ing. Further, since the transistors 43 and 44 are ON, l data 

55 = \ 2 is established (Fig. 20B). 

[0103] Next, an operation for inputting the signal cur- 
rent l data to the pixel will be described by using Fig. 20C. 
First, the switch 42 is turned OFF. Since VGS written at 
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the above-described operation is retained in the capac- 
itor device 46, the transistors 43 and 44 are ON. A cur- 
rent identical with the signal current l data flows from the 
pixel 47. Thus, the signal current l data is input to the pix- 
el. At this time, when the transistor 44 is set to operate 
in a saturation region, even if the source-drain voltage 
of the transistor 44 varies, the current flowing in the pixel 
can be flown without variation. 

[0104] In the case of a current mirror circuit shown in 
Fig. 6C, even when the switch 42 is not turned OFF, a 
current can be flown to the pixel 47 by using the current 
supplied from the video signal current source 41 . That 
is, the setting operation for setting a signal for the cur- 
rent source circuit 20 can be implemented simultane- 
ously with the operation (input operation) for inputting a 
signal to the pixel. 

[0105] Next, a case where the sizes of the transistors 
43 and 44 are mutually different will be described. An 
operation of the current source circuit 25 is similar to the 
above-described operation; therefore, a description 
thereof will be omitted here. When the sizes of the tran- 
sistors 43 and 44 are mutually different, the signal cur- 
rent l data1 set in the video signal current source 41 is 
inevitably different from the signal current l data2 that 
flows to the pixel 47. The difference therebetween de- 
pends on the difference between the values of W (gate 
width)/L (gate length) of the transistors 43 and 44. 
[0106] In general, the W/L value of the transistor 43 
is preferably set larger than that of the transistor 44. This 
is because the signal current l data1 can be increased 
when the W/L value of the transistor 43 is set large. In 
this case, when the current source circuit is set with the 
signal current l data1 , Loads (cross capacitances, wiring 
resistances) can be charged. Thus, the setting opera- 
tion can be completed quickly. 

[0107] The transistors 43 and 44 of the current source 
circuit 25 in each of Figs. 20A to 20C are of n-channel 
type, but the transistors 43 and 44 of the current source 
circuit 25 may be of p-channel type. Here, Fig. 21 shows 
a circuit diagram in which the transistors 43 and 44 are 
of p-channel type. 

[0108] Referring to Fig. 21 , numeral 41 denotes acon- 
stant current source, a switch 42 is a semiconductor de- 
vice having a switching function, numerals 43 and 44 
denote transistors (p-channel type), numeral 46 de- 
notes a capacitor device, and numeral 47 denotes a pix- 
el. In this embodiment, the switch 42, the transistors 43 
and 44, and the capacitor device 46 form an electric cir- 
cuit corresponding to a current source circuit 26. 
[0109] A source region of the p-channel transistor 43 
is connected to Vdd, and a drain region thereof is con- 
nected to the constant current source 41 . A source re- 
gion of the p-channel transistor 44 is connected to Vdd, 
and a drain region thereof is connected to a terminal 48 
of the light emitting element 47. One of electrodes of the 
capacitor device 46 is connected to (source), and the 
other electrode is connected to the gate electrodes of 
the transistors 43 and 44. The capacitor device 46 plays 



a role of holding gate-source voltages of the transistors 
43 and 44. 

[0110] The operation of the current source circuit 24 
of Fig. 21 is similar to that shown in each of Figs. Figs. 

5 20A to 20C except for the current-flow direction, and 
thus, a description thereof will be omitted here. In the 
case of designing the current source circuit in which the 
polarities of the transistors 43 and 44 are changed with- 
out changing the current-flaw direction, Fig. 7B and Fig. 

10 32 may be referenced. 

[0111] In summary, in the current source circuit of Fig. 
19, the current having the same magnitude as that of 
the signal current l data set in the constant current source 
flows to the pixel. In other words, the signal current l data 

15 set in the constant current source is identical in value 
with the current flowing to the pixel. The current is not 
effected by characteristic variations of transistors sup- 
plied in the current source circuit. 
[0112] In each of the current source circuits of Fig. 19 

20 and Fig. 6B, the signal current l data cannot be output to 
the pixel from the current source circuit in aperiod during 
which the setting operation is performed. Thus, two cur- 
rent source circuits are preferably provided for each sig- 
nal line, in which an operation (setting operation) for set- 

25 ting a signal is performed to one of the current source 
circuits, and an operation (input operation) for inputting 
l data to the pixel is performed using the other current 
source circuit. 

[0113] However, in the case where the setting opera- 

30 tion and the input operation are not performed at the 
same time, only one current source circuit may be pro- 
vided for each column. The current source circuit of 
each of Figs. 28A and 29A is similar to the current 
source circuit of Fig. 19, except for the connection and 

35 current-flow paths. The current source circuit of Fig. 31 A 
is similar, except for the difference in magnitude be- 
tween the current supplied from the constant current 
source and the current flowing from the current source 
circuit. The current source circuits of Figs. 6B and 29B 

40 are similar, except for the difference in magnitude be- 
tween the current supplied from the constant current 
source and the current flowing from the current source 
circuit. Specifically, in Fig. 31 A, only the gate width W of 
the transistor is different between the setting operation 

45 and the input operation; in Figs. 6B and 29B, only the 
gate length L is different between the setting operation 
and the input operation; and others are similar to those 
of the structure of the current source circuit in Fig. 1 9. 
[0114] In each of the current source circuits of Figs. 

50 20 and 21, the signal current l data set in the constant 
current source and the value of the current flowing to 
the pixel are dependent on the sizes of the two transis- 
tors provided in the current source circuit. In other 
words, the signal current l data set in the constant current 

55 source and the current flowing to the pixel can be arbi- 
trarily changed by arbitrarily designing the sizes (W 
(gate width)/L (gate length)) of the two transistors pro- 
vided in the current source circuit. However, output of a 



12 



23 



EP 1 486 942 A1 



24 



precise signal current l data to the pixel is difficult in the 
case where variation is caused in the characteristics of 
the two transistors, such as threshold values and mobil- 
ity. 

[0115] Further, in each of the current source circuits 
of Figs. 20 and 21, the signal can be input to the pixel 
during the setting operation. That is, the setting opera- 
tion for setting the signal can be performed simultane- 
ously with the operation (input operation) for inputting 
the signal to the pixel. Thus, unlike the current source 
circuit of Fig. 1 9, two current source circuits do not need 
to be provided in a single signal line. 
[01 1 6] The present invention with the above structure 
can reduce the effects of characteristic variations in the 
TFT and supply a desired current to the outside. 

[Second embodiment] 

[0117] The above has described that, for a current 
source circuit like the one shown in Fig. 6 (and, Figs. 1 9, 
31 A, 6B, 29B, or the like), preferably, two current source 
circuits are provided for each signal line (each column), 
in which one of the current source circuits is used to per- 
form the signal setting operation (set operation), and the 
other current source circuit is used to perform the l data 
input operation (input operation) to the pixel. This is be- 
cause the setting operation and the input operation can- 
not be performed simultaneously. In this embodiment, 
an exemplary circuit structure of the current source cir- 
cuit 420 shown in Fig. 2, which has a signal drive circuit 
of the present invention, will be described with reference 
to Fig. 8. 

[0118] In the present invention, a setting signal input 
from a terminal a represents a signal input from an out- 
put terminal of a logical operator. In other words, the set- 
ting signal in Fig. 1 corresponds to the signal input from 
the output terminal of the logical operator. In the present 
invention, the setting operation of the current source cir- 
cuit 420 is performed in accordance with the signal input 
from the output terminal of the logical operator. 
[01 1 9] One of two input terminals of the logical oper- 
ator is input with a sampling pulse from a register, and 
the other is input with a latch pulse. In the logical oper- 
ator, a logic operation of two signals which have been 
input is performed, and a signal from the output terminal 
is output. Then in the current source circuit, the setting 
operation or the input operation is performed according 
to the signal input from the output terminal of the logical 
operator. 

[0120] The current source circuit 420 is controlled by 
a setting signal input via the terminal a, and is input with 
a signal current supplied from the terminal b, thereby 
the current source circuit 420 outputs a current propor- 
tional to the signal current (a video-signal current) from 
the terminal c. 

[0121] Referring to Fig. 8A, a circuit including switch- 
es 134 to 139, a transistor 132 (n-channel type), and a 
capacitor device 133 for retaining agate-source voltage 



VGS of the transistor 1 32 corresponds to the first current 
source circuit 421 or the second current source circuit 
422. 

[0122] In the first current source circuit 421 orthesec- 
5 ond current source circuit 422, the switch 134 and the 
switch 1 36 are turned ON by the signal input via the ter- 
minal a. Further, the switch 135 and the switch 137 are 
turned ON by the signal input from the control line via 
the terminal d. Then, a current (a video-signal current) 
10 is supplied via the terminal b from the video-signal cur- 
rent source 109 connected to the current line, and a 
charge is retained in the capacitor device 133. The 
charge is retained in the capacitor device 133 until the 
signal current l data flown from the video-signal current 
15 source 1 09 becomes identical with a drain current of the 
transistor 132. 

[0123] Subsequently, the switches 134 to 137 are 
turned OFF by the signals input via the terminals a and 
d. As a result, since a predetermined charge is retained 

20 in the capacitor device 1 33, the transistor 1 32 is impart- 
ed with a capability of flowing a current having a mag- 
nitude corresponding to that of the signal current l data . 
If the switches 101, 1 38 and 1 39 are turned into a con- 
ductive state, a current flows to a pixel connected to the 

25 signal line via the terminal c. At this time, since the gate 
voltage of the transistor 1 32 is maintained by the capac- 
itor device 133 at the predetermined gate voltage, a 
drain current corresponding to the signal current l data 
flows to the drain region of the transistor 1 32. Thus, the 

30 effects of the characteristic variations of TFTs constitut- 
ing the signal line drive circuit is reduced, and the mag- 
nitude of the current input to the pixel can be controlled. 
[0124] Referring to Fig. 8B, a circuit including switch- 
es 144 to 147, a transistor 142 (n-channel type), a ca- 

35 pacitor device 143 for retaining a gate-source voltage 
VGS of the transistor 1 42, and a transistor 1 48 (n-chan- 
nel type) corresponds to the first current source circuit 
421 or the second current source circuit 422. 
[0125] In the first current source circuit 421 orthesec- 

40 ond current source circuit 422, the switch 144 and the 
switch 1 46 are turned ON by the signal input via the ter- 
minal a. Further, the switch 145 and the switch 147 are 
turned ON by the signal input from the control line via 
the terminal d. Then, a current is supplied via the termi- 

45 nal b from the constant current source 109 connected 
to the current line, and a charge is retained in the ca- 
pacitor device 1 43. The charge is retained in the capac- 
itor device 143 until a signal current l data that is flown 
from the constant current source 1 09 becomes identical 

50 with a drain current of the transistor 142. When the 
switch 144 and the switch 145 are turned ON, since a 
gate-source voltage VGS of the transistor 148 is set to 
0 V, the transistor 148 is automatically turned OFF. 
[0126] Subsequently, the switches 144 to 147 are 

55 turned OFF by the signals input via the terminals a and 
d. As a result, since the signal current l data is retained 
in the capacitor device 1 43, the transistor 1 42 has a ca- 
pability of flowing a current having a magnitude corre- 



13 



25 



EP 1 486 942 A1 



26 



sponding to that of the signal current l data . If the switch 
1 01 is turned to a conductive state, a current is supplied 
to a pixel connected to the signal line via the terminal c. 
At this time, since the gate voltage of the transistor 1 42 
is maintained by the capacitor device 1 43 at a predeter- 
mined gate voltage, a drain current corresponding to the 
signal current l data flows to a drain region of the transis- 
tor 1 42. Thus, the effects of the characteristic variations 
of TFTs constituting the signal line drive circuit is re- 
duced, and the magnitude of the current input to the pix- 
el can be controlled. 

[0127] When the switches 144 and 145 have been 
turned OFF, gate and source potentials of the transistor 
1 26 are varied not to be the same. As a result, since the 
charge retained in the capacitor device 1 43 is distributed 
also to the transistor 148, and the transistor 148 is au- 
tomatically turned ON. Here, the transistors 142 and 148 
are connected in series, and the gates thereof are con- 
nected. Accordingly, each of the transistors 1 42 and 1 48 
serves as a multi-gate transistor. That is, a gate length 
L of the transistor varies between the setting operation 
and the input operation. Therefore, the value of the cur- 
rent supplied from the terminal b at the time of the setting 
operation can be made larger than that from the terminal 
c at the time of the input operation. Thus, various loads 
(such as wiring resistances and cross capacitances) 
disposed between the terminal b and the video-signal 
current source can be charged even faster. Conse- 
quently, the setting operation can be completed quickly. 
[0128] Note that Fig. 8A corresponds to a structure in 
which the terminal d is added to the structure of Fig. 6A. 
Fig. 8B corresponds to a structure in which the terminal 
d is added to the structure of Fig. 6B. Thus, the struc- 
tures of Figs. 6A and 6B are added with switches in se- 
ries, thereby being modified to those of Figs. 8A and 8B 
each of which is added with the terminal d. The structure 
of the current source circuit shown in, for example, Fig. 
6, 7, 28, 29, or 31 can be arbitrarily used by arranging 
two switches in series in the first current source circuit 
421 or the second current source circuit 422 of Fig. 2. 
[0129] The structure in which the current source cir- 
cuit 420 including for each signal line the two current 
source circuits, namely, the first and second current 
source circuits 421 and 422, is shown in Fig. 2. However, 
the present invention is not limited to this. For example, 
three current source circuits 420 may be provided for 
each signal line. Then, a signal current may be set by 
different r constant current sources 109 for the respec- 
tive current source circuits 420. For example, it may be 
such that a 1-bit video-signal current source is used to 
set a signal current for one of the current source circuit 
420, a 2-bit video-signal current source is used to set a 
signal current for one of the current source circuits 420, 
and a 3-bit video-signal current source is used to set a 
signal current for one of the current source circuits 420. 
Thus, 3-bit display can be performed. 
[0130] This embodiment may be arbitrarily combined 
with first embodiment. That is, as shown in Figs. 4, 5, 



26 and 27, current source circuits of Fig. 6 can be dis- 
posed such that two current source circuits are disposed 
in each column as shown in Fig. 2 from that one current 
source circuit is disposed in each column. Then, for ex- 
5 ample, in Fig. 2, assuming that a current supplied from 
the current source circuit 421 is 4.9A, a current supplied 
from the current source circuit 422 is 5.1 A, by supplying 
a current from either the current source circuit 421 or 
the current source circuit 422 in each frame, variation of 
the current source circuits can be averaged. 
[0131] This embodiment may be arbitrarily combined 
with first embodiment. 

[Third embodiment] 

[0132] In this embodiment, the structure of a light 
emitting device including the signal line drive circuit of 
the present invention will be described using Fig. 15. 
[0133] The light emitting device includes a pixel por- 
tion 402 including a plurality of pixels arranged in matrix 
on a substrate 401 , and includes a signal line drive cir- 
cuit 403 and a first scanning line drive circuit 404 and a 
second scanning line drive circuit 405 in the periphery 
of the pixel portion 402. While the signal line drive circuit 
403 and the two scanning line drive circuits 404 and 405 
are provided in Fig. 15A, the present invention is not 
limited to this. The number of drive circuits may be ar- 
bitrarily designed depending on the pixel structure. Sig- 
nals are supplied from the outside to the signal line drive 
circuit 403, the first scanning line drive circuit 404 and 
the second scanning line drive circuit 405 via FPCs 406. 
[01 34] The structures and operations of the first scan- 
ning line drive circuit 404 and the second scanning line 
drive circuit 405 will be described using Fig. 15B. Each 
the first scanning line drive circuit 404 and the second 
scanning line drive circuit 405 includes a shift register 

407 and a buffer 408. If the operation is described briefly, 
the shift register 407 sequentially outputs sampling puls- 
es in accordance with a clock signal (G-CLK), a start 
pulse (S-SP), and an inverted clock signal (G-CLKb). 
Thereafter, the sampling pulses amplified in the buffer 

408 are input to scanning lines, and the scanning lines 
are set to be in a selected state for each line. Signals 
are sequentially written to pixels controlled by the se- 
lected signal lines. 

[01 35] Note that the structure may be such that a level 
shifter circuit is disposed between the shift register 407 
and the buffer 408. Disposition of the level shifter circuit 
enables the voltage amplitude to be increased. 
[0136] The structure of the signal line drive circuit 403 
will be hereafter described. This embodiment may be 
arbitrarily combined with Embodiments 1 and 2. 

[Fourth Embodiment] 

[0137] In this embodiment, the configuration and the 
operation of the signal-line drive circuit 403 shown in 
Fig. 15A will be described. In this embodiment, the sig- 
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nal-line drive circuit 403 used for performing analog in- 
tensity-level assigning or 1 -bit digital intensity-level as- 
signing will be described with reference to Fig. 3A and 
Fig. 4. 

[0138] Fig. 3A is a schematic diagram of the signal- 
line drive circuit 403 in analog intensity-level assigning 
or 1-bit digital intensity-level assigning. The signal-line 
drive circuit 403 includes a shift register 41 8 and a latch 
circuit 41 9. 

[0139] A brief description of the operation will be giv- 
en. The shift register 418 is configured using a plurality 
of columns of flip-flop circuits (FFs), to which a clock 
signal (S-CLK), a start pulse (S-SP), and a clock inver- 
sion signal (S-CLKb) are inputted Sampling pulses are 
outputted in sequence in accordance with the timing of 
such signals. 

[0140] The sampling pulses outputted from the shift 
register 418 are inputted to the latch circuit 41 9. To the 
latch circuit 41 9, a video signal (an analog video signal 
or a digital video signal) are inputted, which are held in 
each column in accordance with the timing of inputting 
the sampling pulses. 

[0141] A constant current source 109 for a video sig- 
nal is connected to a video line. A signal current (corre- 
sponding to the video signal) set in the video-signal con- 
stant current source 1 09 is held in the latch circuit 41 9. 
[0142] A latch pulse is inputted to the latch circuit 41 9, 
and the video signal held in the latch circuit 41 9 is input- 
ted to pixels connected to the signal line. The latch cir- 
cuit 419 is sometimes responsible for converting a dig- 
ital signal to an analog signal. 

[0143] Next, the configuration of the latch circuit 419 
will be described with reference to Fig. 4. Fig. 4 shows 
the outline of the signal-line drive circuit 403 around the 
ith to (i+2)th three signal lines. 

[0144] The latch circuit 419 includes a switch 435, a 
switch 436, a current source circuit 437, a current source 
circuit 438, and a switch 439 for each column. The 
switch 435 is controlled by the sampling pulse inputted 
from the shift register 418. The switch 436 and the 
switch 439 are controlled by the latch pulses. 
[01 45] To the switch 436 and the switch 439, inverted 
signals from each other are inputted. As a result, one of 
the current source circuit 437 and the current source cir- 
cuit 438 performs setting operation and the other per- 
forms inputting operation. 

[0146] In other words, when the current source circuit 
437 performs setting operation, the current source cir- 
cuit 438 outputs a signal current to pixels, thus perform- 
ing inputting operation at the same time. In this manner, 
the setting operation and the inputting operation of the 
current source s can be performed at the same time, 
allowing the setting operation to be accurately per- 
formed over a long period of time. 
[0147] This allows line-sequential driving. 
[0148] The signal current supplied from the video line 
(video data line) has a magnitude depending on the vid- 
eo signal. Thus, the amount of current supplied to the 



pixels is proportional to the signal current, allowing the 
provision of an image (a tone image). 
[0149] The current source circuit 437 and the current 
source circuit 438 are controlled by the signal inputted 
5 through the terminal a. The current source circuit 437 
and the current source circuit 438 also hold a current 
(signal current l data ) set using the video-signal constant 
current source 109 connected to the video line (current 
line) via the terminal b. The switch 439 is arranged be- 
tween the current source circuit 437 and the current 
source circuit 438 and the pixels connected to the signal 
line, wherein the On/OFF of the switch 439 is controlled 
by the latch pulse. 

[0150] For performing 1-bit digital intensity-level as- 
signing, when the video signal is a light signal, the signal 
current l data is outputted from the current source circuit 
437 or the current source circuit 438 to the pixels. On 
the other hand, when the video signal is a dark signal, 
the current source circuit 437 or the current source cir- 
cuit 438 has no ability of feeding current, thus feeding 
no current to the pixels. For performing analog intensity- 
level assigning, a signal current l data is outputted from 
a current source circuit 433 to the pixels in response to 
the video signal. More specifically, in the current source 
circuit 437 and the current source circuit 438, the capac- 
ity (V GS ) of feeding a constant current is controlled by 
the video signal; thus, the brightness is controlled de- 
pending on the magnitude of the current outputted to the 
pixels. 

[0151] In the present invention, a setting signal input- 
ted from the terminal a indicates a signal inputted from 
the output terminal of the logical operator. In other 
words, the setting signal in Fig. 1 corresponds to asignal 
inputted from the output terminal of the logical operator. 
In the present invention, the current source circuit 420 
is set in correspondence with the signal inputted from 
the output terminal of the logical operator. 
[0152] The sampling pulse from the shift register is in- 
putted to one of the two input terminals of the logical 
operator and the latch pulse is inputted to the other. The 
logical operator performs logical operation of the two in- 
putted signal and outputs a signal from the output ter- 
minal. In the current source circuits, setting operation or 
inputting operation is performed in response to the sig- 
nal inputted from the output terminal of the logical oper- 
ator. 

[0153] The current source circuit 437 and the current 
source circuit 438 may freely employ the configuration 
of the current source circuits shown in Figs. 6 and 7, Fig. 
29, Fig. 28, and Fig. 31 . The current source circuits may 
not employ only one system but a plurality of systems. 
[0154] In Fig. 4, while the latch circuits are configured 
for one column from the video-signal constant current 
source 109, it is not limited to that. As shown in Fig. 33, 
a plurality of columns may be configured at the same 
time; in other words, polyphase configuration is possi- 
ble. While Fig. 33 shows an arrangement of two video- 
signal constant current source s 1 09, another video-sig- 
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nal constant current source may be perform setting op- 
eration for the two video-signal constant current source 
s. 

[0155] The following are examples of a combination 
system of the current source circuit 437 and the current 
source circuit 438 and the advantages thereof. 
[0156] First, an example of employing a circuit of Fig. 
6A for the current source circuit 437 and the current 
source circuit 438 will be described. Using a current 
source circuit as in Fig. 6A allows the decrease of the 
number of transistors to be arranged, thus further reduc- 
ing the effects of variations in the characteristics of the 
transistors. In other words, since a transistor for setting 
operation and a transistor for inputting operation are the 
identical transistor, they are not affected by the varia- 
tions between the transistors at alL However, since the 
current in setting operation cannot be increased, setting 
operation cannot be performed more quickly. The cur- 
rent in setting operation corresponds to the current sup- 
plied to the latch circuit from the video-signal constant 
current source 109. 

[0157] The circuit diagram in this case is shown in Fig. 
34. 

[0158] In Fig. 34, a current flows from the pixels to- 
ward the current source circuit through a signal line. 
However, the direction of the current varies depending 
on the pixel configuration. Therefore, Fig. 35 shows a 
circuit diagram when a current flows from the circuit 
source circuit toward the pixels. 
[0159] In this manner, a circuit in the case where the 
direction of the current is different can be configured by 
changing the polarities of the transistors. Alternatively, 
by using a circuit of Fig. 7A in place of Fig. 6A, a circuit 
in the case where the direction of the current is different 
can also be configured without changing the polarities 
of the transistors. 

[0160] Next, a case where a current mirror circuit as 
shown in Fig. 6C is employed as the current source cir- 
cuit 437 and the current source circuit 438 will be de- 
scribed with reference to Fig. 36. 
[0161] In the two transistors of the current mirror cir- 
cuit as in Fig. 6C, when the value of W (gate width)/L 
(gate length) of the transistor connected to the pixels is 
made lower than that of the transistor connected to the 
video-signal constant current source 109, the current 
value supplied from the video-signal constant current 
source 109 can be made high. 

[0162] In other words, the value W/L of the transistor 
for setting operation is set higher than the value W/L of 
the transistor for inputting operation. Then, the current 
for setting operation, that is, the current flowing from the 
video-signal constant current source 1 09 to the latch cir- 
cuit can be made high. High current allows electrical 
charge to quickly be carried to a wiring cross capaci- 
tance accompanying wirings, thereby entering a steady 
state quickly. Thus, setting operation can be performed 
more quickly. 

[0163] The current mirror circuit as in Fig. 6C includes 



at least two transistors having a gate electrode in com- 
mon or electrically connected thereto. When the two 
transistors vary in characteristics, the currents outputted 
from the source terminals or drain terminals of the tran- 

5 sistors also vary. However, if the two transistors have 
identical characteristics, the currents outputted there- 
from do not vary. Conversely, the characteristics of the 
two transistors need to be identical in order not to vary 
the outputted currents. In other words, in the current mir- 

10 ror circuit as in Fig. 6C, it is sufficient for the two tran- 
sistors having a gate electrode in common or electrically 
connected thereto to have identical characteristics. 
There is no need for transistors having no common gate 
electrode to have the identical characteristics. This is 

15 because setting operation is performed for each current 
source circuit. In other words, it is sufficient for the tran- 
sistor for the setting operation and the transistor used 
for inputting operation to have the identical characteris- 
tics. Even when the transistors having no common gate 

20 electrode have not identical characteristics, setting op- 
eration is performed for each current source circuit; 
therefore, variations in characteristics are corrected. 
[0164] In general, in thecurrent mirror circuit as in Fig. 
6C, the two transistors having a gate electrode in com- 

25 mon or electrically connected thereto are arranged in 
close proximity to each other in order to reduce the var- 
iations in the characteristics of the two transistors. 
[0165] Referring to Fig. 36, let the magnitude of cur- 
rent applied to the pixels be P. In the two transistors of 

30 the current mirror circuit as in Fig. 6C in the current 
source circuits (the current source circuits 437 and 438), 
if the value W/L of the transistor connected to the pixels 
is Wa, the value W/L of the transistor connected to the 
video signal line is set to (2 x Wa). Then, the current 

35 value becomes twice in the current source circuits (the 
current source circuits 437 and 438). Then, the video- 
signal constant current source 1 09 supplies a current of 
(2 x P). Consequently, since the current supplied from 
the video-signal constant current source 109 can be 

40 made high, the setting operation for the current source 
circuits (the current source circuits 437 and 438) can be 
performed quickly and accurately. 
[0166] In summary, by employing the current mirror 
circuit as in Fig. 6C for a current source circuit and set- 

45 ting the value W/L to an appropriate value, the current 
supplied from the video-signal constant current source 
1 09 can be made high. As a result, the setting operation 
for the current source circuit can be performed accurate- 
ly- 

50 [0167] In other words, high current allows electrical 
charge to be carried quickly to a wiring cross capaci- 
tance parasitic on wirings, thereby entering a steady 
state. In the steady state, setting operation can be per- 
formed sufficiently. In performing the setting operation 

55 in a certain period of time, high current allows the circuit 
to enter a steady state quickly; thus, the setting opera- 
tion can be performed sufficiently. If current is low, the 
duration of setting operation is completed before enter- 
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ing the steady state. In such a case, for lack of sufficient 
time, accurate setting operation cannot be performed. 
Therefore, high current allows quick and accurate set- 
ting operation for the current source circuit. 
[0168] However, the current mirror circuit as in Fig. 6C 
includes at least two transistors having a gate electrode 
in common or electrically connected thereto, wherein 
the variations in the characteristics of the two transistors 
cause the variations of the current outputted therefrom. 
[0169] However, the magnitude of the current can be 
varied by setting the ratio W/L of the channel width W 
and the channel length L of the transistor to different val- 
ues between the two transistors. Generally, the current 
in setting operation is set high, thus allowing quick set- 
ting operation. 

[0170] The current in setting operation corresponds 
to the current supplied from the video-signal constant 
current source 109. 

[0171] On the other hand, when the circuit as in Fig. 
6A is used, the current flowing in setting operation and 
the current flowing in inputting operation are substan- 
tially equal. Therefore, the current for setting operation 
cannot be set high. However, the transistor for supplying 
current in setting operation and the transistor for sup- 
plying current in inputting operation are the identical. 
Therefore, they are not affected by the variations be- 
tween the transistors at alL Accordingly, it is preferable 
to use an appropriate combination in the latch circuit, 
such as to use the current mirror circuit as in Fig. 6C for 
part where high current is desired in setting operation 
and to use the circuit as in Fig. 6A for part where more 
accurate current is desired to output. 
[0172] Fig. 48 shows a circuit diagram when the cur- 
rent mirror circuit as in Fig. 6C is used in a low-order-bit 
(first-bit) current source circuit and the circuit as in Fig. 
6A is used in a high-order-bit (second-bit) currentsource 
circuit. 

[0173] Transistors operated only as switches may 
have either polarity. 

[0174] Fig. 4 showed a case in which the circuit of Fig. 
2 was applied to the circuit of Fig. 3A. Subsequently, a 
case in which the circuit of Fig. 1 is applied to the circuit 
of Fig. 3A will be described with reference to Fig. 37. 
[0175] Referring to Fig. 37A, a video signal (signal 
current) supplied over a video line is supplied to a cur- 
rent source circuit. The setting operation for the current 
source circuit is performed in accordance with the timing 
of a sampling pulse supplied from the shift register 41 8. 
For example, with the configuration of Fig. 37A, the in- 
putting operation (current output to pixels) is started af- 
ter the setting operation of the current source circuit, 
thus allowing point sequential drive to be performed by 
sequentially setting the current source circuit on a col- 
umn-by-column basis and then performing inputting op- 
eration. 

[01 76] Fig. 37A shows a case of analog intensity-level 
assigning or a 1-bit digital intensity level; and Fig. 38 
shows a case of 2-bit digital intensity level. 



[0177] Fig. 39 shows a circuit when the circuit of Fig. 
38 employs the circuit of Fig. 6A. Fig. 40 shows a circuit 
when the circuit of Fig. 38 employs the circuit of Fig. 6C. 
Furthermore, Fig. 41 shows acircuit when a 1 -bit current 
5 source circuit employs the circuit of Fig. 6C, and a 2-bit 
current source circuit employs the circuit of Fig. 6A. In 
the circuit of Fig. 41, the magnitude of the video signal 
current is increased by changing the value W/L of the 
1-bit current source circuit. Consequently, the setting 
operation can be performed in substantially the same 
period of time as that of the 2-bit current source circuit. 
[0178] However, in sequential selection from the first 
to last column, it takes a long period of time to input sig- 
nals to pixels in columns closer to the first. On the other 
hand in columns closer to the last, pixels in the next row 
are selected immediately after the video signal has been 
inputted, resulting in a decreased period of time for in- 
putting signals to pixels. In such a case, as shown in 
Fig. 37B, scanning-lines disposed in the pixel section 
402 are divided at the center to increase the duration of 
inputting signals to the pixels. In that case, a scanning- 
line drive circuit is arranged on each of the left and right 
of the pixel section 402, wherein the pixels are driven 
using the scanning-line drive circuit. With such an ar- 
rangement, even for the pixels arranged in the same 
row, the duration of inputting signals can be changed 
between the right pixels and the left pixels. Fig. 37C 
shows output waveforms of the right and left scanning- 
line drive circuits in the first and second rows and a start 
pulse (S-SP) of the shift register 411 . Since the duration 
of inputting signals to even the left pixels can be in- 
creased by the operation as the waveform in Fig. 37C, 
thus facilitating point sequential driving. 
[0179] In the signal-line drive circuit of the present in- 
vention, the layout diagram of the current source circuit 
arranged in a latch is illustrated in Fig. 49; and a circuit 
diagram corresponding thereto is shown in Fig. 50. 
[01 80] This embodiment can freely be combined with 
the first to third embodiments. 

[Fifth Embodiment] 

[0181] In this embodiment, a detailed configuration 
and the operation of the signal-line drive circuit 403 
shown in Fig. 1 5A will be described. In this embodiment, 
the signal-line drive circuit 403 used for performing 2-bit 
digital intensity-levels assigning will be described with 
reference to Fig. 3B, Fig. 5, and Fig. 26. 
[0182] Fig. 3B is a schematic diagram of the signal- 
line drive circuit 403 in performing 2-bit digital intensity- 
level assigning. The signal-line drive circuit 403 includes 
the shift register 41 8 and the latch circuit 41 9. 
[0183] A brief description of the operation will be giv- 
en. The shift register 418 is configured using a plurality 
of columns of flip-flop circuits (FFs), to which a clock 
signal (S-CLK), a start pulse (S-SP), and a clock inver- 
sion signal (S-CLKb) are inputted. Sampling pulses are 
outputted in sequence in accordance with the timing of 
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such signals. 

[0184] The sampling pulses outputted from the shift 
register 418 are inputted to the latch circuit 41 9. To the 
latch circuit 41 9, a 2-bit digital video signal (digital data 
1 and digital data 2) is inputted, which is held in each 
column in accordance with the timing of inputting the 
sampling pulses. 

[0185] A 1-bit digital video signal is inputted over a 
current line connected to the 1 -bit video-signal constant 
current source 109. The 2-bit digital video signal is in- 
putted over a current line connected to the 2-bit video- 
signal constant current source 109. The signal current 
(corresponding to the video signal) set in the 1-bit and 
2-bit video-signal constant current source s 1 09 is held 
in the latch circuit 41 9. 

[0186] A latch pulse is inputted to the latch circuit 41 9, 
and the 2-bit digital video signal (digital data 1 and digital 
data 2) held in the latch circuit 41 9 is inputted to pixels 
connected to the signal line. The latch circuit 419 is 
sometimes responsible for converting the digital signal 
to an analog signal. 

[0187] Next, the configuration of the latch circuit 419 
will be described with reference to Fig. 5. Fig. 5 shows 
the outline of the signal-line drive circuit 403 for perform- 
ing 2-bit digital intensity-level assigning around the ith 
to (i+1)th two signal lines. Similarly, Fig. 26 shows the 
outline of a signal-line drive circuit for performing 2-bit 
digital intensity-level assigning around the ith to (i+1)th 
two signal lines. 

[0188] Fig. 5 shows a case in which the video-signal 
constant current source s 109 corresponding to the re- 
spective bits are arranged. 

[0189] Referring to Fig. 5, the latch circuit 419 in- 
cludes a switch 435a, a switch 436a, a current source 
circuit 437a a current source circuit 438a, and a switch 
439a for each column, and also includes a switch 435b, 
a switch 436b, a current source circuit 437b, a current 
source circuit 438b, and a switch 439b for each column. 
[0190] The switch 435a and the switch 435b are con- 
trolled by the sampling pulses inputted from the shift reg- 
ister 418. The switch 436a, the switch 439a, the switch 
436b, and the switch 439b are controlled by the latch 
pulses. 

[0191] To the switch 436a and the switch 439a, invert- 
ed signals from each other are inputted. As a result, one 
of the current source circuit 437a and the current source 
circuit 438a performs setting operation and the other 
performs inputting operation. To the switch 436b and the 
switch 439b, inverted signals from each other are input- 
ted. As a result, one of the current source circuit 437b 
and the current source circuit 438b performs setting op- 
eration and the other performs inputting operation. 
[0192] In other words, when the current source circuit 
437 performs setting operation, the current source cir- 
cuit 438 outputs a signal current to pixels at the same 
time, thus performing inputting operation. In this man- 
ner, since the setting operation and the inputting oper- 
ation of the current source circuits can be performed at 



the same time, setting operation can accurately be per- 
formed over a long period of time. 
[0193] The signal current supplied from the video line 
(video data line) has a magnitude depending on the vid- 

5 eo signal. Thus, the magnitude of current supplied to the 
pixels is proportional to the signal current, allowing the 
provision of an image. 
[0194] This allows line-sequential driving. 
[0195] Referring to Fig. 5, the current lines and the 

10 video-signal constant current source s are arranged in 
correspondence with the respective bits. The total 
amount of the current values supplied from the current 
source s of respective bits is supplied to the signal lines. 
In brief, the current constant source circuits have the 

15 function of digital-analog conversion. 

[01 96] Each of the current source circuits (the current 
source circuits 437a, 438a, 437b, and 438b) has a ter- 
minal a, a terminal b, and a terminal c. Each of the cur- 
rent source circuits (the current source circuits 437a, 

20 438a, 437b, and 438b) is controlled by a signal constant 
inputted through the terminal a, and holds acurrent (sig- 
nal current l data ) that is set using the video-signal current 
source 109 connected to the video line via the terminal 
b. The current set in the 1-bit constant current source 

25 109 is held in the current source circuit 437a and the 
current source circuit 438a. The current set in the 2-bit 
constant current source 1 09 is held in the current source 
circuit 437b and the current source circuit 438b. The 
switch 439a and the switch 439b are arranged between 

30 each current source circuit (current source circuits 437a, 
438a, 437b, and 438b) and the pixels connected to the 
signal lines, wherein the On/OFF of the switch 439a and 
the switch 439b are controlled by the latch pulse. 
[0197] When the video signal is a light signal, a signal 

35 current is outputted from each current source circuit 
(current source circuits 437a, 438a, 437b, and 438b) to 
the pixels. On the other hand, when the video signal is 
a dark signal, the current source circuits (current source 
circuits 437a, 438a, 437b, and 438b) have no ability of 

40 feeding current, thus feeding no current to the pixels. 
More specifically, in the current source circuits (current 
source circuits 437a, 438a, 437b, and 438b), the ability 
(V GS ) of feeding a constant current is controlled by the 
video signal; thus, the brightness is controlled depend- 

45 jng on the magnitude of the current outputted to the pix- 
els. 

[0198] The total amount of the current from either of 
the 1 -bit current source circuit 437a and current source 
circuit 438a and either of the 2-bit current source circuit 

50 437b and current source circuit 438b is carried to the 
pixels and in the signal lines connected to the pixels. 
[0199] Which of the 1-bit current source circuit 437a 
and current source circuit 438a performs setting opera- 
tion and which performs inputting operation (output of 

55 current to the pixels) are controlled by the latch pulse. 
The same applies to the 2-bit current source circuit 437b 
and current source circuit 438b. 
[0200] In other words, the currents of the video signals 
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of the respective bits are combined for DA conversion 
in the position where the currents flow from the current 
source circuit 437a and the current source circuit 437b 
toward the pixels. Therefore, the magnitude of the cur- 
rent has only to correspond to the respective bits. 
[0201] Next, the outline of the signal-line drive circuit 
shown in Fig. 26 will be described. Referring to Fig. 26, 
the latch circuit includes a switch 435c, a switch 435d, 
a switch 436c, a current source circuit 437c, a current 
source circuit 438c, and a switch 439c for each column. 
The switch 435c and the switch 435d are controlled by 
the sampling pulses inputted from the shift register 41 8. 
The switch 436c and the switch 439c are controlled by 
the latch pulses. 

[0202] To the switch 436c and the switch 439c, invert- 
ed signals from each other are inputted. As a result, one 
of the current source circuit 437c and the current source 
circuit 438c performs setting operation and the other 
performs inputting operation. One of the current source 
circuit 437c and the current source circuit 438c performs 
setting operation and the other performs inputting oper- 
ation. 

[0203] In other words, when the current source circuit 
437a performs setting operation, the current source cir- 
cuit 438a outputs a signal current to pixels at the same 
time, thus performing inputting operation. In this man- 
ner, since the setting operation and the inputting oper- 
ation of the current source circuits can be performed at 
the same time, setting operation can accurately be per- 
formed over a long period of time. 
[0204] In other words, the setting operation must be 
continued until a steady state in order to perform the 
setting operation accurately. Upon the steady state, no 
current flows to the gate electrode of a transistor (a tran- 
sistor for supplying a constant current, corresponding to 
a transistor 1 02 in Fig. 6A) in the current source circuit, 
causing no change of the potential of a capacitance (cor- 
responding to a capacitance device 1 03 in Fig. 6A) that 
holds the gate-to-source voltage of the transistor. It fol- 
lows from such a state that setting operation is complet- 
ed sufficiently. In short, a proper magnitude of current 
can be fed in inputting operation. However, setting op- 
eration of short duration may cause the setting operation 
to be completed before the steady state. In such a case, 
the capacitance that holds the gate-to-source voltage of 
the transistor is not at a correct potential. Therefore, a 
proper magnitude of current cannot be fed in inputting 
operation; thus, the circuit is affected by the variations 
in the characteristics of the transistors. Accordingly, set- 
ting operation of long duration allows accurate setting 
operation. 

[0205] Each of the current source circuits 437c and 
438c has a terminal a, a terminal b, and a terminal c. 
Each of the current source circuits 437c and 438c is con- 
trolled by a signal inputted through the terminal a, and 
holds a current (signal current l data ) that is set using the 
video-signal constant current source 109 connected to 
the video line via the terminal b. The current set in the 



1-bit and 2-bit constant current source s 109 is held in 
the current source circuit 437a or the current source cir- 
cuit 438a. The switch 439c is arranged between the cur- 
rent source circuits 437a and 438a and the pixels con- 

5 nected to the signal lines, wherein the ON/OFF of the 
switch 439c is controlled by the latch pulse. 
[0206] When the digital video signal is a light signal, 
signal current is outputted from the current source cir- 
cuits 437c and 438c to the pixels. On the other hand, 

10 when the video signal isadarksignal, the current source 
circuits 437c and 438c have no ability of feeding current, 
thus feeding no current to the pixels. In brief, in the cur- 
rent source circuits 437c and 438c, the ability (V GS ) of 
feeding a constant current is controlled by the video sig- 

15 nal; thus, the brightness is controlled by the magnitude 
of the current outputted to the pixels. 
[0207] In the present invention, the setting signal in- 
putted from the terminal a indicates a signal inputted 
from the output terminal of a logical operator. In other 

20 words, the setting signal in Fig. 1 corresponds to asignal 
inputted from the output terminal of the logical operator. 
In the present invention, the current source circuit 420 
is set in accordance with the signal inputted from the 
output terminal of the logical operator. 

25 [0208] The sampling pulse from the shift register is in- 
putted to one of the two input terminals of the logical 
operator and the latch pulse is inputted to the other. The 
logical operator performs logical operation of the two in- 
putted signals and outputs a signal from the output ter- 

30 minal. In the current source circuits, setting operation or 
inputting operation is performed in accordance with the 
signal inputted from the output terminal of the logical op- 
erator. 

[0209] The following is an example of employing a cir- 
35 cuit of Fig. 6A as each current source circuit shown in 
Fig. 5 and each current source circuit shown in Fig. 26. 
Using the current source circuit as in Fig. 6A decreases 
the number of transistors to be arranged, thus further 
reducing the effects of variations in the characteristics 
40 of the transistors. In other words, since a transistor for 
setting operation and a transistor for inputting operation 
are the identical transistor, they are not affected by the 
variations between the transistors at all. However, since 
the current in performing setting operation cannot be set 
45 high, setting operation cannot be performed more quick- 
ly. The current in setting operation corresponds to the 
current supplied to the latch circuit from the video-signal 
constant current source 109. 

[0210] A circuit diagram in this case is shown in Fig. 
50 42. 

[0211] Subsequently, a case where a current mirror 
circuit as shown in Fig. 6C is employed as each current 
source circuit shown in Fig. 5 and each current source 
circuit shown in Fig. 26 will be described with reference 
55 to Fig. 43. 

[0212] In the two transistors of the current mirror cir- 
cuit as in Fig. 6C, when the value of W (gate width)/L 
(gate length) of the transistor connected to the pixels is 
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smaller than that of the transistor connected to the vid- 
eo-signal constant current source 1 09, the current value 
supplied from the video-signal constant current source 
109 can be made high. 

[0213] In other words, the value W/L of the transistor 
for setting operation is set higher than the value W/L of 
the transistor for inputting operation. Then, the current 
for setting operation, that is, the current flowing from the 
video-signal constant current source 1 09 to the latch cir- 
cuit can be increased. High current allows electrical 
charge to be carried quickly to a wiring cross capaci- 
tance accompanying wirings, thereby entering a steady 
state quickly. Thus, setting operation can be performed 
more quickly. 

[0214] The current mirror circuit as in Fig. 6C includes 
at least two transistors having a gate electrode in com- 
mon or electrically connected thereto. When the two 
transistors have identical characteristics, the currents 
outputted from the source terminals or drain terminals 
of the transistors do not vary. In brief, the two transistors 
need to be identical in order not to vary the outputted 
currents. In other words, it is sufficient for the two tran- 
sistors having agate electrode in common or electrically 
connected thereto to have identical characteristics in the 
current mirror circuit as in Fig. 6C. Transistors having 
no common gate electrode do not need to have the iden- 
tical characteristic. This is because setting operation is 
performed for each current source circuit. In other 
words, it is sufficient for the transistor for the setting op- 
eration and the transistor used for inputting operation to 
have the identical characteristics. There is no need for 
transistors having no common gate electrode to have 
the identical characteristics. Even when the transistors 
having no common gate electrode have not identical 
characteristics, setting operation is performed for each 
current source circuit; therefore, variations in character- 
istics are corrected. 

[0215] In general, in the current mirror circuit as in Fig. 
6C, two transistors having a gate electrode in common 
or electrically connected thereto are arranged in close 
proximity to each other in order to reduce the variations 
in the characteristics thereof. 

[021 6] Let the magnitude of current applied to the pix- 
els be P. In the two transistors of the current mirror circuit 
in the current source circuits, if the value W/L of the tran- 
sistor connected to the pixels is denoted by Wa, the val- 
ue W/L of the transistor connected to the video signal 
line is set to (2 x Wa). Then, the current value becomes 
twice in each current source circuit. Then, the video-sig- 
nal constant current source s 109 (for 1-bit and 2-bit) 
supply a current of (2 x P) or (4 x P). Consequently, 
the current supplied from the video-signal constant cur- 
rent source s 109 can be increased, thus allowing the 
setting operation of each current source circuit to be per- 
formed quickly and accurately. 

[0217] Since this embodiment performs 2-bit digital 
intensity-level assigning, it is provided with four current 
source circuits (437a, 438a, 437b, and 438b) for each 



signal line in Fig. 5, and two current source circuits (437c 
and 438c) for each signal line in Fig. 26. 
[0218] The current source circuits (current source cir- 
cuits 437a, 438a, 437b, and 438b) in Fig. 5 and the cur- 
5 rent source circuits (current source circuits 437c and 
438c) shown in Fig. 26 can freely employ the circuit con- 
figurations of the current source circuits shown in Figs. 
6 and 7, Fig. 29, Fig. 28, and Fig. 31 . The current source 
circuits 420 may adopt not only one system but also a 
plurality of systems. 

[0219] When the current source circuit held in the 
latch circuit is a current mirror circuit as in Fig. 6C, the 
value W (gate width)/L (gate length) of the transistor 
may be varied for each bit. This allows the current in 
setting operation for a low-order-bit current source cir- 
cuit, that is, the current flowing from the low-order-bit 
video-signal constant current source 109 can be made 
high, leading to a quick setting operation. 
[0220] In a word, the value W/L of the transistor con- 
nected to the video-signal constant current source 1 09 
is set higher than the W/L of the transistor connected to 
the pixels and signal lines. In short, the value W/L of the 
transistor for setting operation is set larger than the val- 
ue W/L of the transistor for inputting operation. This fur- 
ther increases the current for setting operation, that is, 
the current flowing from the video-signal constant cur- 
rent source 1 09. 

[0221] However, the current mirror circuit as in Fig. 6C 
includes at least two transistors having a gate electrode 
in common or electrically connected thereto. When the 
two transistors vary in characteristics, the currents out- 
putted therefrom also vary. However, the magnitude of 
the currents can be varied by setting the ratio W/L of the 
channel width W and the channel length L of the tran- 
sistor to different values for the two transistors. Gener- 
ally, the current in setting operation is set high, thus al- 
lowing quick setting operation. 

[0222] The current in setting operation corresponds 
to the current supplied from the video-signal constant 
current source 109. 

[0223] On the other hand, when the circuit as in Fig. 
6A is used, the current flowing in setting operation and 
the current flowing in inputting operation are substan- 
tially equal. Therefore, the current for setting operation 
cannot be set high. However, the transistor for supplying 
current in setting operation and the transistor for sup- 
plying current in inputting operation are the identical. 
Therefore, they are not affected by the variations be- 
tween the transistors at all. Accordingly, it is preferable 
to use an appropriate combination in the latch circuit, 
such as to use the current mirror circuit as in Fig. 6C for 
part where high current is desired in setting operation 
and to use the circuit as in Fig. 6A for part where more 
accurate current is desired to output. 
[0224] The current mirror circuit as in Fig. 6C includes 
at least two transistors having a gate electrode in com- 
mon or electrically connected thereto. When the two 
transistors vary in characteristics, the currents outputted 
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therefrom also vary. However, if the two transistors have 
identical characteristics, the currents outputted from the 
source terminals or drain terminals of the transistors do 
not vary. Conversely, the characteristics of the two tran- 
sistors need to be identical in order not to vary the out- 5 
putted currents. In other words, in the current mirror cir- 
cuit as in Fig. 6C, it is sufficient for the two transistors 
having a gate electrode in common or electrically con- 
nected thereto to have identical characteristics. Transis- 
tors having no common gate electrode do not need to 10 
have the identical characteristic. This is because setting 
operation is performed for each current source circuit. 
In other words, it is sufficient for the transistor for the 
setting operation and the transistor used for inputting 
operation to have the identical characteristics. Even 15 
when the transistors having no common gate electrode 
have not identical characteristics, setting operation is 
performed for each current source circuit; therefore, var- 
iations in characteristics are corrected. 
[0225] In general, in the current mirror circuit as in Fig. 20 
6C, two transistors having a gate electrode in common 
or electrically connected thereto are arranged in close 
proximity to each other in order to reduce the variations 
in the characteristics of the two transistors. 
[0226] The current source circuit held in the latch cir- 25 
cuit may employ the circuit as in Fig. 6A or the current 
mirror circuit as in Fig. 6C, or alternatively, may employ 
a combination thereof. 

[0227] The current mirror circuit as in Fig. 6C may be 
adopted in either a current source circuit for all bits or a 30 
current source circuit for part of bits. More effectively, it 
is preferable to use the current mirror circuit as in Fig. 
6C for the low-order-bit current source circuit and to use 
the circuit as in Fig. 6A for the high-order-bit current 
source circuit. 35 
[0228] This is because the high-order-bit current 
source circuit affects the current value significantly even 
if the characteristics of the transistors in the current 
source circuit vary slightly; this is because the absolute 
value of the difference in current due to the variations is 40 
large even with the same degree of variations in the 
characteristics of the transistors since the current sup- 
plied from the high-order-bit current source circuit is 
high in itself. Assuming that the characteristics of the 
transistors vary by ten percent, the amount of variations 45 
is 0.1 1 where the magnitude of the first-bit current is I. 
On the other hand, since the magnitude of the third-bit 
current amounts to 81, the amount of the variations is 
0.8I. As just described, even a slight variation in the 
characteristics of the transistors significantly affects the 50 
high-order-bit current source circuit. 
[0229] Therefore, a system that is affected by the var- 
iations as little as possible is preferable. The high-order- 
bit current has a high current value, facilitating setting 
operation. On the other hand, the low-order-bit current 55 
exhibits a low value of current itself despite of some var- 
iations, having slight influence. Also, since the low-or- 
der-bit current exhibits a low value of current, setting op- 



eration is not easy. 

[0230] In order to resolve the above situations, it is 
preferable to use the current mirror circuit as in Fig. 6C 
for the low-order-bit current source circuit and to use the 
circuit as in Fig. 6A for the high-order-bit current source 
circuit. 

[0231] Particularly, for the low-order-bit current 
source circuit in which the current flowing from the vid- 
eo-signal constant current source 1 09 is low, it is effec- 
tive to use the current mirror circuit as in Fig. 6C to in- 
crease the value of current. 

[0232] More specifically, the low-order-bit current 
source circuit exhibits a low value of current flowing 
therefrom, thus taking much time for setting operation. 
Therefore, increasing the current value using the current 
mirror circuit as in Fig. 6C decreases the time for setting 
operation. 

[0233] The current mirror circuit as in Fig. 6C includes 
at least two transistors having a gate electrode in com- 
mon or electrically connected thereto. When the two 
transistors vary in characteristics, the currents outputted 
therefrom also vary. However, the low-order-bit current 
source circuit exhibits a low value of current outputted 
to the pixels and the signal lines. Therefore, variations 
in the characteristics of the two transistors have little ef- 
fects. Therefore, it is effective for the low-order-bit cur- 
rent source circuit to use the current mirror circuit as in 
Fig. 6C. 

[0234] In summary, by employing the current mirror 
circuit as in Fig. 6C as a current source circuit and set- 
ting the value W/L to an appropriate value, the current 
to be supplied from the video-signal constant current 
source 109 can be made high. This allows the setting 
operation of the current source circuit to be performed 
accurately. 

[0235] However, the current mirror circuit as in Fig. 6C 
includes at least two transistors having a gate electrode 
in common or electrically connected thereto. If the two 
transistors vary in characteristics, the currents outputted 
therefrom also vary. 

[0236] On the other hand, when the circuit as in Fig. 
6A is used, the current flowing in setting operation can- 
not be increased; however, which is not at all affected 
by the variations between the transistors. 
[0237] Accordingly, it is preferable to use a combina- 
tion of circuits appropriately, as to use the current mirror 
circuit as in Fig. 6C for part where high current is desired 
and to use the circuit as in Fig. 6A for part where more 
accurate current is desired to output. 
[0238] The transistor to be operated as merely a 
switch may have either polarity. 

[0239] Referring to Fig. 5, the 1-bit video-signal con- 
stant current source 109 is connected to a 1-bit video 
line (video data line) and the 2-bit video-signal constant 
current source 109 is connected to a2-bit video line (vid- 
eo data line). Assuming that current supplied from the 
1 -bit video-signal constant current source 1 09 is I, cur- 
rent supplied from the 2-bit video-signal constant cur- 
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rent source 1 09 is 21. However, the present invention is 
not limited to that but the magnitude of the currents sup- 
plied from the 1 -bit video-signal constant current source 
109 and the 2-bit video-signal constant current source 
1 09 can be equated. Equating the magnitude of the cur- 
rents supplied from the 1-bit video-signal constant cur- 
rent source 1 09 and the 2-bit video-signal constant cur- 
rent source 1 09 allows the operating conditions and the 
load to be equated and also the time for writing signals 
to the current source circuits to be the same. 
[0240] However, at that time, the current source cir- 
cuits shown in Fig. 5 and Fig. 26 need to employ the 
current mirror circuit as in Fig. 6C. In the current source 
circuits shown in Fig. 5, it is necessary to set the values 
W/L of the transistors held in the current source circuit 
437a and the current source circuit 438a and the tran- 
sistors held in the current source circuit 437b and the 
current source circuit 438b to 2:1 . Thus, the ratio of the 
magnitude of the current outputted from the current 
source circuit 437a and the current source circuit 438a 
and the magnitude of the current outputted from the cur- 
rent source circuit 437b and the current source circuit 
438b can be set to 2:1. In the current source circuits 
shown in Fig. 26, the value W/L of the transistors con- 
nected to the video signal lines and the transistors con- 
nected to the pixels must be 2:1 . 
[0241] In this embodiment, the configuration and the 
operation of the signal-line drive circuit for performing 
2-bit digital intensity-level assigning are described. 
However, according to the present invention, a signal- 
line drive circuit ready for not only the 2-bit but for any- 
bit can be designed on the basis of this embodiment to 
perform arbitrary bit assigning. This embodiment can 
freely be combined with the first to fourth embodiments. 

[Sixth Embodiment] 

[0242] The video-signal constant current source 109 
shown in Fig. 2 to Fig. 5 may be integrated with the sig- 
nal-line drive circuit on the substrate, or alternatively, 
may be arranged outside the substrate, from which a 
certain current is inputted using an IC and so on. For 
integral formation on the substrate, either of the current 
source circuits shown in Figs. 6 to 8, Fig. 29, Fig. 28, 
and Fig. 31 may be used. Alternatively, only one tran- 
sistor may be arranged to control the current value de- 
pending on the voltage to be applied to the gate. In this 
embodiment, a case in which a 3-bit video-signal con- 
stant current source 109 is configured with the current 
source circuit of the current mirror circuit as in Fig. 6C 
will be described with reference to Fig. 23 to Fig. 25. 
[0243] The direction in which the current flows varies 
depending on the configuration of pixels. Changing the 
direction of the flow of current can easily be prepared 
by changing the polarity of the transistor. 
[0244] Referring to Fig. 23, the video-signal constant 
current source 1 09 controls whether to output a prede- 
termined signal current l data to a video line (a video data 



line and a current line) in accordance with the informa- 
tion on High/Low held in the 3-bit digital video signals 
(digital data 1 to digital data 3) 

[0245] The video-signal constant current source 1 09 
5 includes a switch 1 80 to a switch 1 82, a transistor 1 83 
to a transistor 1 88, and a capacitance device 189. In this 
embodiment, all the transistor 180 to the transistor 188 
are of n-channel type. 

[0246] The switch 180 is controlled by a 1-bit digital 
10 video signal. The switch 181 is controlled by a 2-bit dig- 
ital video signal. The switch 183 is controlled by a 3-bit 
digital video signal. 

[0247] One of the source area and the drain area of 
the transistor 183 to the transistor 185 is connected to 
15 Vss and the other is connected to one of the terminals 
of the switch 180 to the switch 182. One of the source 
area and the drain area of the transistor 1 86 is connect- 
ed to Vss and the other is connected to one of the source 
area and the source area of the transistor 188. 
20 [0248] A signal is inputted from the exterior to the re- 
spective gate electrodes of the transistor 187 and the 
transistor 188 via a terminal e. To a current line 190, 
current is supplied from the exterior via a terminal f. 
[0249] One of the source area and the drain area of 
25 the transistor 1 87 is connected to one of the source area 
and the drain area of the transistor 1 86 and the other is 
connected to one electrode of the capacitance device 
189. One of the source area and the drain area of the 
transistor 188 is connected to the current line 190 and 
30 the other is connected to one of the source area and the 
drain area of the transistor 1 86. 

[0250] One electrode of the capacitance device 1 89 
is connected to the gate electrodes of the transistor 1 83 
to the transistor 1 86 and the other electrode is connect- 
35 ed to Vss. The capacitance device 1 89 is responsible 
for holding the gate-to-source voltage of the transistor 
183 to the transistor 186. 

[0251] In the video-signal constant current source 
1 09, when the transistor 1 87 and the transistor 1 88 are 
40 turned on by the signal inputted from the terminal e, the 
current supplied from the terminal f is carried to the ca- 
pacitance device 189 over the current line 190. 
[0252] Electrical charge is gradually stored in the ca- 
pacitance device 1 89 to begin generating a potential dif- 
45 ference between both electrodes. When the potential 
difference between both electrodes reaches V th , the 
transistor 183 to the transistor 186 are turned on. 
[0253] In the capacitance device 189, the storage of 
electrical charge is continued until the potential differ- 
50 ence between both electrodes, that is, the gate-to- 
source voltage of the transistor 1 83 to the transistor 1 86 
reaches a desired voltage. In other words, the storage 
of electrical charge is continued until a voltage at which 
the transistor 183 to the transistor 186 can feed signal 
55 current can be obtained. 

[0254] After completion of the storage of electrical 
charge, the transistor 1 83 to the transistor 1 86 are fully 
tuned on. 
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[0255] In the video-signal constant current source 
109, continuity or discontinuity of the switch 180 to the 
switch 182 is selected according to the 3-bit digital sig- 
nal. For example, when all the switch 180 to the switch 
1 82 come in continuity, a current supplied to the current 5 
lines is the total amount of the drain current of the tran- 
sistor 183, the drain current of the transistor 184, and 
the drain current of the transistor 185. When only the 
switch 1 80 comes in continuity, only the drain current of 
the transistor 1 83 is supplied to the current line. 10 
[0256] When the ratio of the drain current of the tran- 
sistor 183, the drain current of the transistor 184, and 
the drain current of the transistor 1 85 is set at 1 :2:4, the 
magnitude of the current can be controlled in the level 
of 2 3 = 8. Therefore, when the values W (channel width) 15 
/L (channel length) of the transistor 1 83 to the transistor 
185 are designed at 1:2:4, the ratio of the respective 
ON-state currents reaches 1 :2:4. 
[0257] Fig. 23 shows a configuration with one current 
line (video line). However, the number of current lines 20 
(video lines) to be arranged differs depending on wheth- 
er the circuit as in Fig. 4 or the circuit as in Fig. 26 is 
used. Fig. 44 shows a diagram when a plurality of cur- 
rent lines (video lines) is used in the circuit of Fig. 23. 
[0258] Next, the video-signal current source 1 09 with 25 
a different configuration from that of Fig. 23 is shown in 
Fig. 24. In Fig. 24, when compared to the video-signal 
current source 1 09 shown in Fig. 23, the operation is the 
same as that of the video-signal current source 109 
shown in Fig. 23 except that the transistors 1 87 and 1 88 30 
are eliminated and one terminal of the capacitance de- 
vice 1 89 is connected to the current line 1 90; therefore, 
a description thereof will be omitted in this embodiment. 
[0259] With the configuration of Fig. 24, the signal 
(current) must continuously be inputted through the ter- 35 
minal f while current is supplied to the video line (current 
line). If the input of the current flowing from the terminal 
f is stopped, the electrical charge in the capacitance de- 
vice 1 89 is discharged through the transistor 1 86. Con- 
sequently, the potential of the gate electrode of the tran- 40 
sistor 1 86 is decreased to avoid the output of normal 
current from the transistors 183 to 185. On the other 
hand, with the configuration of Fig. 23, the capacitance 
device 189 holds a predetermined electrical charge; 
therefore, there is no need to input the signal (current) 45 
through the terminal f continuously while current is sup- 
plied to the video line (current line). Therefore, the ca- 
pacitance device 189 may be omitted in the configura- 
tion of Fig. 24. 

[0260] Fig. 24 shows a configuration with one current 50 
line (video line). However, the number of current lines 
(video lines) differs depending on whether the circuit as 
in Fig. 4 or the circuit as in Fig. 26 is used. Thus, Fig. 
45 shows a diagram when a plurality of current lines (vid- 
eo lines) is used in the circuit in Fig. 24. 55 
[0261 ] Subsequently, the video-signal current source 
1 09 with a different configuration from those of Figs. 23 
and 24 will be shown in Fig. 25. In Fig. 25, as compared 



to the video-signal current source 1 09 shown in Fig. 23, 
the operation is the same as that of the video-signal cur- 
rent source 109 shown in Fig. 23 except that the tran- 
sistors 186, 187, and 188 and the capacitance device 
189 are eliminated, and a constant voltage is applied 
from the exterior to the gate electrodes of the transistor 
1 83 to the transistor 1 85 via the terminal f; therefore, a 
description thereof will be omitted in this embodiment. 
[0262] In the case of Fig. 25, voltage (gate voltage) is 
applied to the gate electrodes of the transistors 183 to 
185 through the terminal f. However, even if the same 
gate voltage is applied to the transistors 1 83 to 1 85, the 
values of the current flowing between the source and 
the drain of the transistors 1 83 to 1 85 vary with the var- 
iations in the characteristics of the transistors 183 to 
185. Accordingly, current flowing in the video line (cur- 
rent line) also varies. Also, since the characteristics vary 
by temperature, the values of currents supplied from the 
transistors 183 to 185 vary as well. 
[0263] On the other hand, in the case of Fig. 23 and 
Fig. 24, current as well as voltage can be applied 
through the terminal f. When current is applied, the value 
of current does not vary if the transistors 1 83 to 1 86 have 
the identical characteristics. Even if the characteristics 
vary by temperature, the characteristics of the transis- 
tors 1 83 to 1 86 also vary at the same level as that; thus, 
the current value does not vary. 

[0264] In Fig. 25, voltage (gate voltage) is applied to 
the transistors 183 to 185 through the terminal f, which 
does not vary by the video signal. In Fig. 25, the video 
signal controls whether current flows in the current line 
by controlling the switches 1 80 to 1 82. Therefore, as in 
Fig. 46, voltage (gate voltage) is applied to the gate elec- 
trodes of the transistors 1 83 to 1 85, wherein the voltage 
may be varied by the video signal. Thus, the magnitude 
of the video-signal current can be varied. Also, as in Fig. 
47, voltage (gate voltage) applied to the gate electrode 
of the transistor 1 83 may be analog voltage, wherein the 
voltage and thus current may be varied depending on 
the gray level. 

[0265] Subsequently, the video-signal current source 
1 09 with a different configuration from those of Figs 23, 
24, and 25 is shown in Fig. 9. While, Fig. 23 employed 
the current source circuit of Fig. 6C, Fig. 9 employs the 
current source circuit of Fig. 6A. 
[0266] In the case of Fig. 23, when the characteristics 
of the transistors 1 83 to 1 86 vary, the current values also 
vary. On the other hand, in Fig. 9, setting operation is 
performed for each current source , thus reducing the 
effects of the variations of the transistors. However, in 
the case of Fig. 9, inputting operation (operation of sup- 
plying current to the current line) cannot be performed 
simultaneously with the setting operation. Accordingly, 
the setting operation must be performed during the pe- 
riod of time the inputting operation is not performed. In 
order to allow the setting operation to be performed also 
during the inputting operation, a plurality of current 
source circuits may be arranged, as in Fig. 10, so that 



23 



45 



EP 1 486 942 A1 



46 



while one current source circuit performs the setting op- 
eration, the other current source circuit can perform the 
inputting operation. 

[0267] This embodiment may freely be combined with 
the first to fifth embodiments. 

[Seventh Embodiment] 

[0268] An embodiment of the present invention will be 
described with reference to Fig. 11. Referring to Fig. 
11 A, a signal-line drive circuit is disposed above a pixel 
section; and a constant current circuit is disposed below, 
wherein a current source A is disposed in the signal-line 
drive circuit and a current source B is disposed in the 
constant current circuit. Equation l A = l B + l data is estab- 
lished where currents supplied from the current source 
s A and B are l A and l B , respectively, and signal current 
supplied to the pixels is l data . Setting is made so that 
currents are supplied from both current source s A and 
B when signal current is written into the pixels. At that 
time, increasing l A and l B can increase the writing speed 
of the signal current to the pixels. 
[0269] At that time, the setting operation for the cur- 
rent source B is performed using the current source A. 
Current that is obtained by subtracting the current of the 
current source B from the current fed from the current 
source A flows to the pixels. Therefore, the setting op- 
eration for the current source B using the current source 
A can reduce the effects of noise and so on. 
[0270] Referring to Fig. 11 B, video-signal constant 
current source s (hereinafter, referred to as constant 
current source s) C and E are arranged above and below 
the pixel section, respectively. Setting operation for the 
current source circuits disposed in the signal-line drive 
circuit and the constant current circuit is performed us- 
ing the current source s C and E. A current source D 
serves as a current source for setting the current source 
s C and E, to which video-signal current is supplied from 
the exterior. 

[0271] In Fig. 11B, the constant current circuit ar- 
ranged below may be a signal-line drive circuit. This al- 
lows the video-signal drive circuits to be arranged both 
above and below, which control the upper and lower half 
of a screen (the whole pixel section), respectively. With 
such an arrangement, two columns of pixels can simul- 
taneously be controlled. Therefore, the time for setting 
operation (signal inputting operation) for the current 
source s of the signal-line drive circuit, the pixels, and 
the current source s for the pixels can be increased, thus 
allowing more accurate setting. 

[0272] This embodiment can freely be combined with 
the first to sixth embodiments. 

Examples 

[Example 1] 

[0273] In this example, the time gradation method will 



be described in detail with reference to Fig. 1 4. In display 
devices such as liquid crystal display devices and light 
emitting devices, a frame frequency is about 60 (Hz). 
That is, as shown in Fig. 14A, screen rendering is per- 
5 formed about 60 times per second. This enables flickers 
(flickering of a screen) not to be recognized by the hu- 
man eyes. At this time, a period during which screen 
rendering is performed once is called one frame period. 
[0274] As an example, in Example 1 , a description will 
be made of a time gradation method disclosed in the 
publication as Patent Document 1 . In the time gradation 
method, one frame period is divided into a plurality of 
subframe periods. In many cases, the number of divi- 
sions is identical to the number of gradation bits. For the 
sake of a simple description, a case where the number 
of divisions is identical to the number of gradation bits. 
Specifically, since the 3-bit gradation is employed in this 
example, an example is shown in which one frame pe- 
riod is divided into three subframe periods SF1 to SF3 
(Fig. 14B). 

[0275] Each of the subframe periods includes an ad- 
dress (writing) period Ta and a sustain (light emission) 
period (Ts). The address period is a period during which 
a video signal is written to a pixel, and the length thereof 
is the same among respective subframe periods. The 
sustain period is a period during which the light emitting 
element emits light in response to the video signal writ- 
ten in the address period Ta. At this time, the sustain 
periods SF1 to SF3 are set at a length ratio of Ts1 : Ts2 : 
Ts3 = 4:2: 1. More specifically, the length ratio of n 
sustain periods is set to 2( n " 1 ) :2( n " 2 ) :...:2 1 :2°. Depend- 
ing on whether a light emitting element performs emis- 
sion in which one of the sustain periods, the length of 
the period during which each pixel emits light in one 
frame period is determined, and the gradation represen- 
tation is thus performed. 

[0276] Next, a specific operation of a pixel employing 
the time gradation method will be described. In this ex- 
ample, a description thereof will be made referring to the 
pixel shown in Fig. 16B. A current input method is ap- 
plied to the pixel shown in Fig. 16B. 
[0277] First, the following operation is performed dur- 
ing the address period Ta. A first scanning line 602 and 
a second scanning line 603 are selected, and TFTs 606 
and 607 are turned ON. A current flowing through a sig- 
nal line 601 at this time is used as a signal current l data . 
Then, when a predetermined charge has been accumu- 
lated in a capacitor device 61 0, selection of the first and 
second scanning lines 602 and 603 is terminated, and 
the TFTs 606 and 607 are turned OFF. 
[0278] Subsequently, the following operation is per- 
formed in the sustain period Ts. A scanning line 604 is 
selected, and a TFT 609 is turned ON. Since the prede- 
termined charge that has been written is stored in the 
capacitor device 61 0, the TFT 608 is already turned ON, 
and a current identical with the signal current l data flows 
thereto from a current line 605. Thus, a light emitting 
element 611 emits light. 
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[0279] The operations described above are per- 
formed in each subframe period, thereby forming one 
frame period. According to this method, the number of 
divisions for subframe periods may be increased to in- 
crease the number of display gradations. The order of 5 
the subframe periods does not necessarily need to be 
the order from an upper bit to a lower bit as shown in 
Figs. 14B and 14C, and the subframe periods may be 
disposed at random within one frame period. In addition, 
the order may be variable within each frame period. 10 
[0280] Further, a subframe period SF2 of an m-th 
scanning line is shown in Fig. 14D. As shown in Fig. 
14D, in the pixel, upon termination of an address period 
Ta2, a sustain period Ts2 is immediately started. 
[0281] This example may be arbitrarily combined with 15 
Embodiments 1 to 7. 

[Example 2] 

[0282] In this example, example structures of pixel cir- 20 
cuits provided in the pixel portion will be described with 
reference to Fig. 13. 

[0283] Note that a pixel of any structure may be ap- 
plicable as long as the structure includes a current input 
portion. 25 
[0284] A pixel shown in Fig. 1 3A includes a signal line 
1101, first and second scanning lines 1 1 02 and 1 1 03, a 
current line (power supply line) 1104, a switching TFT 
1105, a holding TFT 1106, a driving TFT 1107, a con- 
version driving TFT 1 1 08, a capacitor device 1 1 09, and 30 
a light emitting element 1110. Each signal line is con- 
nected to a current source circuit 1111 . 
[0285] Note that the current source circuit 1111 corre- 
sponds to the current source circuit 420 disposed in the 
signal line drive circuit 403. 35 
[0286] The gate electrode of the switching TFT 1105 
is connected to the first scanning line 1 1 02, a first elec- 
trode thereof is connected to the signal line 1101, and 
a second electrode thereof is connected to a first elec- 
trode of the driving TFT 1 1 07 and a first electrode of the 40 
conversion driving TFT 1108. The gate electrode of the 
holding TFT 1106 is connected to the second scanning 
line 1103, a first electrode thereof is connected to the 
signal line 1 1 02, and a second electrode thereof is con- 
nected to the gate electrode of the driving TFT 1 1 07 and 45 
the gate electrode of the conversion driving TFT 1108. 
A second electrode of the driving TFT 1 1 07 is connected 
to the current line (power supply line) 1 1 04, and a sec- 
ond electrode of the conversion driving TFT 1 1 08 is con- 
nected to one of the electrodes of the light emitting ele- 50 
ment 1110. The capacitor device 1 1 09 is connected be- 
tween the gate electrode of the conversion driving TFT 
1 1 08 and asecond electrode thereof, and retains agate- 
source voltage of the conversion driving TFT 1 1 08. The 
current line (power supply line) 1 1 04 and the other elec- 55 
trode of the light emitting element 1 1 1 0 are respectively 
input with predetermined potentials and have mutually 
different potentials. 



[0287] The pixel of Fig. 13A corresponds to the case 
where a circuit of Fig. 29B is applied to a pixel. However, 
since the current-flow direction is different, the transistor 
polarity is reverse. The driving TFT 1 1 07 of Fig. 1 3A cor- 
responds to a TFT 1 26 of Fig. 29B, the conversion driv- 
ing TFT 1108 of Fig. 13A corresponds to a TFT 122 of 
Fig. 29B, and the holding TFT 1106 of Fig. 13A corre- 
sponds to the TFT 1 24 of Fig. 29B. 
[0288] A pixel shown in Fig. 1 3B includes a signal line 
1151, first and second scanning lines 1 1 42 and 1 1 43, a 
current line (power supply line) 1144, a switching TFT 
1145, a holding TFT 1146, a conversion driving TFT 
1 1 47, a driving TFT 1 1 48, a capacitor device 1 1 49, and 
a light emitting element 1140. The signal line 1151 is 
connected to a current source circuit 1141. 
[0289] Note that the current source circuit 1141 cor- 
responds to the current source circuit 420 disposed in 
the signal line drive circuit 403. 

[0290] The gate electrode of the switching TFT 1145 
is connected to the first scanning line 1 1 42, a first elec- 
trode thereof is connected to the signal line 1151, and 
a second electrode thereof is connected to a first elec- 
trode of the driving TFT 1 1 48 and a first electrode of the 
conversion driving TFT 1148. The gate electrode of the 
holding TFT 1146 is connected to the second scanning 
line 1143, a first electrode thereof is connected to the 
first electrode of the drive TFT 1 1 48, and a second elec- 
trode thereof is connected to the gate electrode of the 
driving TFT 1148 and the gate electrode of the conver- 
sion driving TFT 1147. A second electrode of the con- 
version driving TFT 1 1 47 is connected to the current line 
(power supply line) 1 1 44, and a second electrode of the 
conversion driving TFT 1147 is connected to one of the 
electrodes of the light emitting element 1140. The ca- 
pacitor device 1 1 49 is connected between the gate elec- 
trode of the conversion driving TFT 1 1 47 and a second 
electrode thereof, and retains a gate-source voltage of 
the conversion driving TFT 1 1 47. The current line (pow- 
er supply line) 1144 and the other electrode of the light 
emitting element 1140 are respectively input with pre- 
determined potentials and have mutually different po- 
tentials. 

[0291] Note that the pixel of Fig. 13B corresponds to 
the case where a circuit of Fig. 6B is applied to a pixel. 
However, since the current-flow direction is different, the 
transistor polarity is reverse. The conversion driving 
TFT 1 1 47 of Fig. 1 3B corresponds to a TFT 1 22 of Fig. 
6B, the driving TFT 1138 of Fig. 13B corresponds to a 
TFT 126 of Fig. 6B, and the holding TFT 1136 of Fig. 
13B corresponds to the TFT 124 of Fig. 6B. 
[0292] A pixel shown in Fig. 1 3C includes a signal line 
1121 , a first scanning line 1122, a second scanning line 
1123, a third scanning line 1135, a current line (power 
supply line) 1124, a current line 1138, a switching TFT 
1125, an erasing TFT 1126, a driving TFT 1127, a ca- 
pacitor device 1 1 28, a current-supply TFT 1 1 29, a mirror 
TFT 1 1 30, a capacitor device 1 1 31 , a current-input TFT 
1132, a holding TFT 1133, and a light emitting element 
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1136. Each signal line is connected to a current source 
circuit 1137. 

[0293] The gate electrode of the switching TFT 1125 
is connected to the first scanning line 1 1 22, a first elec- 
trode of the switching TFT 1 1 25 is connected to the sig- 
nal line 1121, and a second electrode of the switching 
TFT 1 1 25 is connected to the gate electrode of the driv- 
ing TFT 1127 and a first electrode of the erasing TFT 
1 1 26. The gate electrode of the erasing TFT 1 1 26 is con- 
nected to the second scanning line 1 1 23, and a second 
electrode of the erasing TFT 1126 is connected to the 
current line (power supply line) 1 1 24. A first electrode of 
the driving TFT 1127 is connected to one of the elec- 
trodes of the light emitting element 1 1 36, and a second 
electrode of the driving TFT 1 1 27 is connected to a first 
electrode of the current-supply TFT 1129. A second 
electrode of the current-supply TFT 1129 is connected 
to the current line (power supply line) 1 1 24. One of the 
electrodes of the capacitor device 1131 is connected to 
the gate electrode of the current-supply TFT 1129 and 
the gate electrode of the mirror TFT 1 1 30 and the other 
electrode thereof is connected to the current line (power 
supply line) 1 1 24. A first electrode of the mirror TFT 1 1 30 
is connected to the current line 1124, and a second elec- 
trode of the mirror TFT 1 1 30 is connected to a first elec- 
trode of the current-input TFT 1 1 32. A second electrode 
of the current-input TFT 1 1 32 is connected to the current 
line (power supply line) 1 1 24, and the gate electrode of 
the current-input TFT 1132 is connected to the third 
scanning line 1135. The gate electrode of the current 
holding TFT 1 1 33 is connected to the third scanning line 
1135, a first electrode of the current holding TFT 1133 
is connected to the pixel current line 1138, a second 
electrode of the current holding TFT 1133 is connected 
to the gate electrode of the current-supply TFT 1 1 29 and 
the gate electrode of the mirror TFT 1130. The current 
line (power supply line) 1124 and the other electrode of 
light emitting element 1136 are input with predetermined 
potentials and have mutually different potentials. 
[0294] This example may be arbitrarily combined with 
Embodiments 1 to 7 and Example 1. 

[Example 3] 

[0295] In this example, technical devices when per- 
forming color display will be described. 
[0296] With a light emitting element comprised of an 
organic EL element, the luminance can be variable de- 
pending on the color even though a current having the 
same magnitude is supplied to the light emitting device. 
In addition, in the case where the light emitting element 
has deteriorated because of, for example, a time factor, 
the deterioration degree is variable depending on the 
color. Thus, when performing color display with a light 
emitting device using light emitting elements, various 
technical devices are required to adjust the white bal- 
ance. 

[0297] The simplest technique is to change the mag- 



nitude of the current that is input to the pixel. To achieve 
the technique, the magnitude of the video-signal current 
source should be changed depending on the color. 
[0298] Another technique is to use circuits as shown 

5 in Figs. 6C to 6E for the pixel, signal line drive circuit, 
video-signal current source , and the like. In the circuits 
as shown in Figs. 6C to 6E, the W/L ratio of two transis- 
tors forming the current mirror circuit is changed de- 
pending on the color. Thus, the magnitude of the current 

10 to be input to the pixel can be changed depending on 
the color. 

[0299] Still another technique is to change the length 
of a lightening period. The technique can be applied to 
either of the case where the time gradation method is 
15 employed and the case where the time gradation meth- 
od is not employed. According to the technique, the lu- 
minance of each pixel can be adjusted. 
[0300] The white balance can be easily adjusted by 
using any one of the techniques or a combination there- 
to of. 

[0301 ] This example may be arbitrarily combined with 
Embodiments 1 to 7 and Examples 1 and 2. 

[Example 4] 

25 

[0302] In this example, the appearances of the light 
emitting devices (semiconductor devices) of the present 
invention will be described using Fig. 12. Fig. 12A is a 
top view of a light emitting device formed such that an 
30 element substrate on which transistors are formed is 
sealed with a sealing material; Fig. 12B is across-sec- 
tional view taken along the line A-A' of Fig. 1 2A; and Fig. 
12C is a cross-sectional view taken along the line B-B' 
of Fig. 12A. 

35 [0303] A sealing material 4009 is provided so as to 
enclose a pixel portion 4002, a source signal line drive 
circuit4003, and gate signal line drive circuits 4004a and 
4004b that are provided on a substrate 4001 . In addition, 
asealing material 4008 is provided over the pixel portion 
40 4002, the source signal line drive circuit 4003, and the 
gate signal line drive circuits 4004a and 4004b. Thus, 
the pixel portion 4002, the source signal line drive circuit 
4003, and the gate signal line drive circuits 4004a and 
4004b are sealed by the substrate 4001 , the sealing ma- 
45 terial 4009, and the sealing material 4008 with a filler 
material 4210. 

[0304] The pixel portion 4002, the source signal line 
drive circuit 4003, and the gate signal line drive circuits 
4004a and 4004b, which are provided over the substrate 
50 4001, include a plurality of TFTs. Fig. 12B representa- 
tively shows a driving TFT (incidentally, an n-channel 
TFT and a p-channel TFT are shown in this example) 
4201 included in the source signal line drive circuit 4003, 
and an erasing TFT 4202 included in the pixel portion 
55 4 002, which are formed on a base film 401 0. 

[0305] In this example, a p-channel TFT or an n-chan- 
nel TFT that is manufactured according to a known 
method is used for the driving TFT 4201 , and an n-chan- 
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nel TFT manufactured according to a known method is 
used for the erasing TFT 4202. 

[0306] An interlayer insulating film (leveling film) 4301 
is formed on the driving TFT 4201 and the erasing TFT 

4202, and a pixel electrode (anode) 4203 for being elec- 5 
trically connected to a drain of the erasing TFT 4202 is 
formed thereon. A transparent conductive film having a 
large work function is used for the pixel electrode 4203. 
For the transparent conductive film, a compound of in- 
dium oxide and tin oxide, a compound of indium oxide 10 
and zinc oxide, zinc oxide, tin oxide, or indium oxide can 

be used. Alternatively, the transparent conductive film 
added with gallium may be used. 
[0307] An insulating film 4302 is formed on the pixel 
electrode 4203, and the insulating film 4302 is formed 15 
with an opening portion formed on the pixel electrode 

4203, In the opening portion, a light emitting layer 4204 
is formed on the pixel electrode 4203. The light emitting 
layer 4204 may be formed using a known light emitting 
material or inorganic light emitting material. As the light 20 
emitting material, either of a low molecular weight (mon- 
omer) material and a high molecular weight (polymer) 
material may be used. 

[0308] As a forming method of the light emitting layer 

4204, a known vapor deposition technique or coating 25 
technique may be used. The structure of the light emit- 
ting layer 4204 maybe either a laminate structure, which 

is formed by arbitrarily combining a hole injection layer, 
a hole transportation layer, a light-emitting layer, an 
electron transportation layer, and an electron injection 30 
layer, or a single-layer structure. 

[0309] Formed on the light emitting layer 4204 is a 
cathode 4205 formed of a conductive film (representa- 
tively, a conductive film containing aluminum, copper, or 
silver as its main constituent, or a laminate film of the 35 
conductive film and another conductive film) having a 
light shielding property. Moisture and oxygen existing on 
an interface of the cathode 4205 and the light emitting 
layer 4204 are desirably eliminated as much as possi- 
ble. For this reason, a technical device is necessary in 40 
which the light emitting layer 4204 is formed in an nitro- 
gen or noble gas atmosphere, and the cathode 4205 is 
formed without being exposed to oxygen, moisture, and 
the like. In this example, the above-described film dep- 
osition is enabled using a multi-chamber method (clus- 45 
ter-tool method) film deposition apparatus. In addition, 
the cathode 4205 is applied with a predetermined volt- 
age. 

[0310] In the above-described manner, a light emitting 
element 4303 constituted by the pixel electrode (anode) 50 
4203, the light emitting layer 4204, and the cathode 
4205 is formed. A protective film is formed on the insu- 
lating film so as to cover the light emitting element 4303. 
The protective film is effective for preventing, for exam- 
ple, oxygen and moisture, from entering the light emit- 55 
ting element 4303. 

[0311] Reference numeral 4005a denotes a drawing 
line that is connected to a power supply line and that is 



electrically connected to a source region of the erasing 
TFT 4202. The drawing line 4005a is passed between 
the sealing material 4009 and the substrate 4001 and is 
then electrically connected to an FPC line 4301 of an 
FPC 4006 via an anisotropic conductive film 4300. 
[0312] As the sealing material 4008, a glass material, 
a metal material (representatively, a stainless steel ma- 
terial), ceramics material, or a plastic material (including 
a plastic film) may be used. As the plastic material, an 
FRP (fiberglass reinforced plastics) plate, a PVF (poly- 
vinyl fluoride) film, a Mylar film, a polyester film, or an 
acrylic resin film may be used. Alternatively, a sheet hav- 
ing a structure in which an aluminum foil is sandwiched 
by the PVF film or the Mylar film may be used. 
[0313] However, a cover material needs to be trans- 
parent when light emission is directed from the light 
emitting layer to the cover material. In this case, a trans- 
parent substance such as a glass plate, a plastic plate, 
a polyester film, or an acrylic film, is used. 
[0314] Further, for the filler material 4210, ultraviolet 
curing resin or a thermosetting resin may be used in ad- 
dition to an inactive gas, such as nitrogen or argon; and 
PVC (polyvinyl chloride), acrylic, polyimide, epoxy resin, 
silicon resin, PVB (polyvinyl butyral), or EVA (ethylene 
vinyl acetate) may be used. In this example, nitrogen 
was used for the filler material. 

[0315] To keep the filler material 4210 to be exposed 
to a hygroscopic substance (preferably, barium oxide) 
or an oxygen-absorbable substance, a concave portion 

4007 is provided on the surface of the sealing material 

4008 on the side of the substrate 4001, and a hygro- 
scopic substance or oxygen-absorbable substance 
4207 is disposed. The hygroscopic substance or oxy- 
gen-absorbable substance 4207 is held in the concave 
portion 4007 via a concave-portion cover material 4208 
such that the hygroscopic substance or oxygen-absorb- 
able substance 4207 does not diffuse. The concave- 
portion cover material 4208 is in a fine mesh state and 
is formed to allow air and moisture to pass through and 
not to allow the hygroscopic substance or oxygen-ab- 
sorbable substance 4207 to pass through. The provision 
of the hygroscopic substance or oxygen-absorbable 
substance 4207 enables the suppression of deteriora- 
tion of the light emitting element 4303. 

[0316] As shown in Fig. 12C, simultaneously with the 
formation of the pixel electrode 4203, a conductive film 
4203a is formed so as to be contact with an upper por- 
tion of the drawing line 4005a. 

[0317] In addition, the anisotropic conductive film 
4300 includes a conductive filler 4300a. The substrate 
4001 and the FPC 4006 are thermally press-bonded, 
whereby the conductive film 4203a on the substrate 
4001 and the FPC line 4301 on the FPC 4006 are elec- 
trically connected via the conductive filler 4300a. 
[0318] This example may be arbitrarily combined with 
Embodiments 1 to 7 and Examples 1 to 3. 
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[Example 5] 

[0319] A light emitting device using a light emitting el- 
ement is of self-light emitting type, so that in comparison 
to a liquid crystal display, the light emitting device offers 
a better visibility in bright portions and a wider view an- 
gle. Hence, the light emitting device can be used in dis- 
play portions of various electronic device. 
[0320] Electronic device using the light emitting de- 
vice of the present invention include, for example, video 
cameras, digital cameras, goggle type displays (head 
mount displays), navigation systems, audio reproducing 
devices (such as car audio and audio components), 
notebook personal computers, game machines, mobile 
information terminals (such as mobile computers, mo- 
bile telephones, portable game machines, and electron- 
ic books), and image reproducing devices provided with 
a recording medium (specifically, devices for reproduc- 
ing a recording medium such as a digital versatile disc 
(DVD), which includes a display capable of displaying 
images). In particular, in the case of mobile information 
terminals, since the degree of the view angle is appre- 
ciated important, the terminals preferably use the light 
emitting device. Practical examples thereof are shown 
in Fig. 22. 

[0321] Fig. 22A shows a light emitting device, which 
contains a casing 2001 , a support base 2002, a display 
portion 2003, a speaker portion 2004, a video input ter- 
minal 2005, and the like. The light emitting device of the 
present invention can be applied to the display portion 
2003. Further, the light emitting device shown in Fig. 
22A is completed with the present invention. Since the 
light emitting device is of self-light emitting type, it does 
not need a back light, and therefore a display portion 
that is thinner than a liquid crystal display can be ob- 
tained. Note that light emitting devices include all infor- 
mation display devices, for example, personal comput- 
ers, television broadcast transmitter-receivers, adver- 
tisement displays and the like. 

[0322] Fig. 22B shows a digital still camera, which 
contains a main body 21 01 , a display portion 21 02, an 
image receiving portion 2103, operation keys 2104, an 
external connection port 21 05, a shutter 21 06, and the 
like. The light emitting device of the present invention 
can be applied to the display portion 2102. Further, the 
digital still camera shown in Fig. 22B is completed with 
the present invention. 

[0323] Fig 22C shows a notebook personal computer, 
which contains a main body 2201 , a casing 2202, a dis- 
play portion 2203, a keyboard 2204, external connection 
ports 2205, a pointing mouse 2206, and the like. The 
light emitting device of the present invention can be ap- 
plied to the display portion 2203. Further, the light emit- 
ting device shown in Fig. 22C is completed with the 
present invention. 

[0324] Fig 22D shows a mobile computer, which con- 
tains a main body 2301 , a display portion 2302, a switch 
2303, operation keys 2304, an infrared port 2305, and 



the like. The light emitting device of the present inven- 
tion can be applied to the display portion 2303. Further, 
the mobile computer shown in Fig. 22D is completed 
with the present invention. 

5 [0325] Fig 22E shows a portable image reproducing 
device provided with a recording medium (specifically, 
a DVD reproducing device), which contains a main body 
2401 , a casing 2402, a display portion A 2403, a display 
portion B 2404, a recording medium (such as a DVD) 

10 read-in portion 2405, operation keys 2406, a speaker 
portion 2407, and the like. The display portion A 2403 
mainly displays image information, and the display por- 
tion B 2404 mainly displays character information. The 
light emitting device of the present invention can be 

15 used in the display portion A 2403 and in the display 
portion B 2404. Note that family game machines and the 
like are included in the image reproducing devices pro- 
vided with a recording medium. Further, the DVD repro- 
ducing device shown in Fig. 22E is completed with the 

20 present invention. 

[0326] Fig 22F shows a goggle type display (head 
mounted display), which contains a main body 2501 , a 
display portion 2502, an arm portion 2503, and the like. 
The light emitting device of the present invention can be 

25 used in the display portion 2502. The goggle type dis- 
play shown in Fig. 22 F is completed with the present 
invention. 

[0327] Fig. 22G shows a video camera, which con- 
tains a main body 2601 , a display portion 2602, a casing 

30 2603, external connection ports 2604, a remote control 
reception portion 2605, an image receiving portion 
2606, a battery 2607, an audio input portion 2608, op- 
eration keys 2609, an eyepiece portion 2610, and the 
like. The light emitting device of the present invention 

35 can be used in the display portion 2602. The video cam- 
era shown in Fig. 22 G is completed with the present in- 
vention. 

[0328] Here, Fig. 22H shows a mobile telephone, 
which contains a main body 2701 , a casing 2702, a dis- 

40 play portion 2703, an audio input portion 2704, an audio 
output portion 2705, operation keys 2706, external con- 
nection ports 2707, an antenna 2708, and the like. The 
light emitting device of the present invention can be 
used in the display portion 2703. Note that, by displaying 

45 white characters on a black background, the display por- 
tion 2703 can suppress the consumption current of the 
mobile telephone. Further, the mobile telephone shown 
in Fig. 22H is completed with the present invention. 
[0329] When the emission luminance of light emitting 

50 materials are increased in the future, the light emitting 
device will be able to be applied to a front or rear type 
projector by expanding and projecting light containing 
image information having been output lenses or the like. 
[0330] Cases are increasing in which the above-de- 

55 scribed electronic device displays information distribut- 
ed via electronic communication lines such as the Inter- 
net and CATVs (cable TVs). Particularly increased are 
cases where moving picture information is displayed. 
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Since the response speed of the light emitting material 
is very high, the light emitting device is preferably used 
for moving picture display. 

[0331] Since the light emitting device consumes the 
power in light emitting portions, information is desirably 
displayed so that the light emitting portions are reduced 
as much as possible. Thus, in the case where the light 
emitting device is used for a display portion of a mobile 
information terminal, particularly, a mobile telephone, an 
audio playback device, or the like, which primarily dis- 
plays character information , it is preferable that the char- 
acter information be formed in the light emitting portions 
with the non-light emitting portions being used as the 
background. 

[0332] As described above, the application range of 
the present invention is very wide, so that the invention 
can be used for electronic device in all of fields. The 
electronic device according to this example may use the 
light emitting device with the structure according to any 
one of Embodiments 1 to 7 and Examples 1 to 4. 
[0333] The present invention can reduce the effects 
of characteristic variations of the TFTs, and can offer a 
signal line drive circuit capable of supplying a desired 
signal current to the outside. 

[0334] The present invention provides a light emitting 
device as described above in which a signal line drive 
circuit having a current source circuit is provided. Fur- 
thermore, the present invention provides a light emitting 
device capable of reducing the effects of the character- 
istic variations of TFTs that constitute both pixels and 
drive circuits and supplying a desired signal current l data 
to light-emitting elements using the pixels with a circuit 
configuration in which the effects of the characteristic 
variations of TFTs are reduced. 



Claims 

1. A signal-line drive circuit comprising first and sec- 
ond current source circuits corresponding to re- 
spective plurality of signal lines; a shift register; and 
n (n is anatural numberof oneor more) video-signal 
constant current source s, characterized in that: 

each of the first and second current source cir- 
cuits has a capacitance means and a supply 
means; wherein 

the capacitance means held in one of the first 
and second source circuits converts a current 
including a current supplied from each of the n 
video-signal constant current source s to volt- 
age in accordance with a sampling pulse sup- 
plied from the shift register and a latch pulse 
supplied from the exterior; and the supply 
means held in the other supplies a current re- 
sponsive to the converted voltage; and 
the values of the currents to be supplied from 
the n video-signal constant current source s are 



set at 2°:2 1 :-:2 n . 

2. A signal-line drive circuit comptising (2 x n) current 
source circuits corresponding to respective plurality 
5 of signal lines; a shift register; and n (n is a natural 

number of one or more) video-signal constant cur- 
rent source s, characterized in that: 

the (2 x n) current source circuits includes a 
10 capacitance means for converting a current 

supplied from either one of the n video-signal 
constant currant source s to voltage in accord- 
ance with a sampling pulse supplied from the 
shift register and a latch pulse supplied from the 
15 exterior; and a supply means for supplying a 

current responsive to the converted voltage; 
a current is supplied to each of the plurality of 
signal lines from the n current source circuits 
selected from the (2 x n) current source cir- 
20 cuits; and 

the values of the currents to be supplied from 
the n video-signal constant current source s are 
set at 2°:2 1 :- :2 n . 

25 3. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

when the drain and the gate of a transistor held 
in the supply means is short-circuited, the ca- 
30 pacitance means holds a voltage generated be- 

tween the gate and the source by the supplied 
current. 

4. The signal-line drive circuit according to any one of 
35 Claims 1 and 2, characterized in that: 

the supply means comprises a transistor; a first 
switch for controlling the communication be- 
tween the gate and the drain of the transistor; 
a second switch for controlling the communica- 
tion between the video-Signal constant current 
source and the gate of the transistor; and a third 
switch for controlling the drain of the transistor 
and pixels. 

5. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

when the drains and the gates of both first and 
second transistors held in the supply means are 
short-circuited, the capacitance means holds a 
voltage generated between the gate and the 
source of the first or second transistor. 

6. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

the supply means comprises a current mirror 
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circuit including first and second transistors; a 
first switch for controlling the communication 
between the gates and the source of the first 
and second transistors; and a second switch for 
controlling the communication between the vid- 
eo-signal constant current source and the 
gates of the first and second transistors. 

7. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

when the drain and the gate of one of first and 
second transistors held in the supply means are 
short-circuited, the capacitance means holds a 
voltage generated between the gate and the 
source by the supplied current. 

8. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

the supply means comprises a current mirror 
circuit including first and second transistors; 
a first switch for controlling the communication 
between the video-signal constant current 
source and the drain of the first transistor; and 
a second switch for controlling the communica- 
tion between the drain and the gate of the first 
transistor, the gate of the first transistor and the 
gate of the second transistor, the gates of the 
first and second transistors and either one of 
the video-signal constant current source s. 

9. The signal-line drive circuit according to any one of 
Claims 6 to 8, characterized in that: 

the values of the gate width/gate length of the 
first and second transistors are set to the same 
value. 

10. The signal-line drive circuit according to any one of 
Claims 6 to 8, characterized in that: 

the value of the gate width/gate length of the 
first transistor is set larger than the value of the 
gate width/gate length of the second transistor. 

1 1 . The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

the supply means comprises a transistor; first 
and second switches for controlling the supply 
of the current to the capacitance means; and a 
third switch for controlling the communication 
between the gate and the drain of the transistor; 
wherein 

the gate of the transistor is connected to the first 
switch ; the source of the transistor is connected 
to the second switch; and the drain of the tran- 



sistor is connected to the third switch. 

12. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

5 

the supply means comprises a current mirror 
circuit including m transistors; wherein 
the values of the gate width/gate length of the 
m transistor are set to a proportion of 2°:2 1 :■■■ : 
10 2 m ; and 

the drain currents of the m transistors are set 
to a proportion of 2°:2 1 :—:2 m . 

13. The signal-line drive circuit according to any one of 
15 Claims 1 and 2, characterized in that: 

transistors constituting the supply means oper- 
ate in a saturated area. 

20 14. The signal-line drive circuit according to any one of 
Claims 1 and 2, characterized in that: 

active layers of the transistors constituting the 
current source circuit are formed of polysilicon. 

25 

15. A light emitting device characterized by compris- 
ing the signal-line drive circuit of any one of Claims 
1 and 2 and a pixel section having a plurality of pix- 
els each including a light-emitting element arranged 
30 in matrix. 



Amended claims under Art. 19.1 PCT 

1. (Amended) A signal-line drive circuit comprising: 

first and second current source circuits corre- 
sponding to respective plural signal lines; 
a shift register, 

wherein each of the first and second current 
source circuits comprises a capacitive element, 

wherein one of the first and second source cir- 
cuits converts a current obtained by adding currents 
supplied from n pieces of video-signal current 
sources to a voltage in accordance with a sampling 
pulse supplied from the shift register and a latch 
pulse supplied from the exterior and holds the volt- 
age by the capacitive element, 

wherein n is a natural number, 

wherein the other of the first and second 
source circuits supplies a current corresponding to 
the voltage to a corresponding signal line, and 

wherein the values of the currents to be sup- 
plied from the n pieces of video-signal current 
sources are set at 2°:2 1 :—:2 n_1 . 

2. (Amended) A signal-line drive circuit comprising: 
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(2 x n) pieces of current source circuits corre- 
sponding to respective plural signal lines; 
a shift register, 

wherein n is a natural number, 5 

wherein each of the (2 x n) pieces of current 
source circuits comprises a capacitive element, 

wherein two of the (2 x n) pieces of current 
source circuits corresponds to each of n pieces of 
video-signal current sources, 10 

wherein one of the two current source circuits 
converts a current supplied from the corresponding 
video signal current source to a voltage in accord- 
ance with a sampling pulse supplied from the shift 
register and a latch pulse supplied from an exterior 15 
and holds the voltage by the capacitive element, 
and 

wherein the other of the two current source 
circuits supplies a current corresponding to the volt- 
age to a corresponding signal line, and 20 

wherein the values of the currents to be sup- 
plied from the n pieces of video-signal current 
sources are set at 2°:2 1 :-":2 n_1 . 

3. (Amended) The signal-line drive circuit according 25 
to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 
cuits further comprises a transistor, 

wherein when a drain and a gate of the tran- 
sistor is short-circuited, by a charge accumulated in 30 
the capacitive element, a voltage generated be- 
tween the gate and a source of the transistor is held. 

4. (Amended) The signal-line drive circuit according 

to any one of Claims 1 and 2, 35 

wherein at least one of the current source cir- 
cuits further comprises : 

a transistor; 

a first switch for controlling the communication 40 
between a gate and a drain of the transistor; 
a second switch for controlling the communica- 
tion between the video-signal current source 
and the gate of the transistor; and 
a third switch for controlling a communication 45 
of the drain of the transistor and a pixel. 

5. (Amended) The signal-line drive circuit according 
to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 50 
cuits further comprising first and second transistors, 

wherein when drains and gates of both the 
first and second transistors are short-circuited, by 
a charge accumulated in the capacitive element 
due to the supplied current, a voltage generated be- 55 
tween the gate and the source of one of the first and 
second transistors. 



6. (Amended) The signal-line drive circuit according 
to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 
cuits further comprises: 

a current mirror circuit comprising first and sec- 
ond transistors; a first switch for controlling a 
communication between a gate and a drain of 
the first transistor; and 

a second switch for controlling a communica- 
tion between the video-signal current source 
and one of a source and the drain of the first 
transistor. 

7. (amended) The signal-line drive circuit according 
to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 
cuits further comprises a first and second transis- 
tors, 

wherein when a drain and a gate of the first 
transistor are short-circuited, by a charge accumu- 
lated in the capacitive element due to the supplied 
current, a voltage generated between the gate and 
a source is held. 

8. (Amended) The signal-line drive circuit according 
to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 
cuits further comprises: 

a current mirror circuit comprising first and sec- 
ond transistors; 

a first switch for controlling a communication 
between the video-signal current source and 
one of a source and a drain of the first transis- 
tor; and 

a second switch for controlling one of commu- 
nications between the drain and a gate of the 
first transistor, between the gate of the first tran- 
sistor and a gate of the second transistor, and 
among the gates of the first and second tran- 
sistors and the video-signal current source. 

9. (Amended) The signal-line drive circuit according 
to any one of Claims 6 to 8, 

wherein the values of the gate width/gate 
length of the first and second transistors are set to 
the same value. 

10. (Amended) The signal-line drive circuit accord- 
ing to any one of Claims 6 to 8, 

wherein the value of the gate width/gate 
length of the first transistor is set larger than the val- 
ue of the gate width/gate length of the second tran- 
sistor. 

11. (Amended) The signal-line drive circuit accord- 
ing to any one of Claims 1 and 2, 



31 



61 



EP 1 486 942 A1 



wherein at least one of the current source cir- 
cuits further comprises: 

a transistor; 

first and second switches for controlling a sup- 5 
ply of a current to the capacitive element; and 
a third switch for controlling a communication 
between a gate and a drain of the transistor, 

wherein the gate of the transistor is connected 10 
to the third switch, 

wherein a source of the transistor is connect- 
ed to the first switch, and 

wherein the drain of the transistor is connect- 
ed to the second switch. 15 

12. (Amended) The signal-line drive circuit accord- 
ing to any one of Claims 1 and 2, 

wherein at least one of the current source cir- 
cuits comprises a current mirror circuit comprising 20 
m pieces of transistors, 

wherein the values of gate width/gate length 
of the m pieces of transistors are set to a proportion 
of 2°:2 1 :-:2 m " 1 , and 

wherein the drain currents of the m pieces of 25 
transistors are set to a proportion of 2°:2 1 :—:2 m_1 . 

13. (Amended) The signal-line drive circuit accord- 
ing to any one of Claims 1 and 2, 

wherein at least one of the transistors consti- 30 
tuting the current source circuits operates in a sat- 
urated area. 

14. (Amended) The signal-line drive circuit accord- 
ing to any one of Claims 1 and 2, 35 

wherein an active layer of at least one of the 
transistors constituting the current source circuit 
comprises polysilicon. 

15. (Amended) A light emitting device comprising 40 
the signal-line drive circuit of any one of Claims 1 
and 2 and a pixel section having a plurality of pixels, 
wherein each of the pixels comprises a light-emit- 
ting element arranged in matrix. 
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